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THE “STERILE” MUTANT—INDUCED BY RADIUM TREATMENT 
Frontispiece 


The mutant called “Sterile” (left) was produced by radiating a plant of the Red Currant 
tomato (L. pimpinellifolium). This mutant also affects leaf color, but its really essential 
feature is its surprising inhibition of growth. The plants do not grow much taller than 
that shown here though they will continue to live for at least a year. The inhibitory or 
stunting effect is so pronounced that the young flower clusters never get beyond the early 
bud stage. None of the flowers has ever opened. (See page 136.) 

The segregation for fertility or fruit set in the first and second generations has been 
peculiarly striking. The fertile sister plants, one of which is shown at the right, are all 
decidedly fruitful (even when grown in 2% inch pots), and their pollen is normal. 
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HEREDITARY RADIUM-INDUCED 
VARIATIONS IN THE TOMATO 


E. W. Linpstrom 
Towa State College* 


IKE many other naturally self-fer- 
tilized species of plants, the 
tomato (Lycopersicum esculen- 
tum, Mill.) has given rise to relatively 
few mutations or variations suitable for 
a genetic determination of linkage 
groups. Less than twenty usable mono- 
genic differences are known, of which 
approximately fifteen are scattered on 
six or seven of the twelve chromosome 
pairs of this species. Accordingly 
there is need of more genetic material, 
and for this reason attempts were 
made to induce new variations by ar- 
tificial means. 

Through the courtesy of the Na- 
tional Research Council and the Ra- 
dium Chemical Company of New York, 
a loan of ten radium needles was ar- 
ranged in 1930. These Monel steel 
needles had an average actual radium 
content of 12.3 milligrams and an 
“emitted value” of 12.2 milligrams as 
determined by the Bureau of Stand- 
ards. Very likely only the gamma rays 
of the radium were the effective source 
of energy in these needles. 

Much of the tomato material to be 
radiated was unique in being absolutely 
homozygous, having arisen from the 
somatic doubling of a haploid tomato’. 
Moreover this homozygous diploid 
material had been derived immediately 
from the haploid so that little time 


elapsed for the production of any new, 
natural mutations. Only the first dip- 
loid generation from the haploid was 
used. 


Methods 


Seeds, growing tips and young, de- 
veloping fruits were radiated with the 
needles. Dry seeds were spread in one 
layer on the bottom of microscopic 
slides equipped with rings of glass 10 
millimeters high. One or two bare 
needles were placed across the top rim 
of the slide rings, giving a target dis- 
tance of approximately 10 millimeters. 

The growing tips of young plants 
about four to eight weeks old were 
radiated by suspending one or two 
bare needles directly alongside the tip, 
often touching a part of the young 
stem. The distance to the growing tip 
would be variable in this case, but not 
exceeding five to eight millimeters. 
This method gave rise to the best 
(most usable) variations. 

Young green fruits, ranging from 
the size of a small pea (approximately 
72 or more hours after fertilization) to 
half-ripe fruits the size of a walnut, 
were radiated by attaching one or two 
needles directly to the fruit by means 
of petrolatum. The needles were placed 
parallel to the stem-blossom end axis 
of the fruit.¢ In the strain used, the 


*Paper No. 54, Department of Genetics, Iowa State College. : 
The author desires to acknowledge with gratitude the loan of the radium needles from the 
Radium Chemical Company of New York through the offices of the National Research Council. 


+The time factor proved to be so variable that generalizations on exposures are to be 
avoided. However, general experience with dry seeds, which were radiated from % to 72 hours 
with two needles, showed that the fairly extreme exposures (20 to 48 hours) permitted enough 


seeds to live with which to experiment. 


With growing tips, however, exposures longer than 30 to 40 hours produced such severe 


burning or necrosis as entirely to destroy the growing tip. 
two needles would be approximately 20 to 30 hours. 


tissue. 


For the young green fruits the practical dosage varies with the size of the fruits. 
youngest fruits were often killed with exposures of two to five hours. 
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A general optimum dosage with 
This would cause some burning of the 


The 
For fruits about 10 
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mature fruits are slightly oblate and 
average 50 millimeters in diameter. 


Genetic Results 


In this report only a very few of 
the most distinct, induced variations 
will be described. A tremendous amount 
of general sterility, pollen abortion and 
morphological abnormalities has oc- 
curred, some of which disappeared in 
subsequent generations. These are un- 
questionably due to major disturbances 
of the chromosomes such as non-dis- 
junctions, inversions, deficiencies and 
fragmentations of all degrees. Some 
of the more stable and _ hereditary 
variations are being analyzed but await 
more detailed cytological investigation. 

There would seem to be no object 
in describing the immediate and tran- 
sitory phenotypic changes induced by 
the radiation, such as has already been 
done in many plant species, particularly 
tobacco and cotton. An infinite num- 
ber and variety of such variations arise 
but they have little value for the 
geneticist. As a matter of fact, very 
few gene mutations have been reported 
in plants treated by radium or X-rays. 
Stadler’s investigations®,* on barley and 
maize seem to be the most fertile in 
this respect. 

Accordingly, this report will be re- 
stricted to those induced variants which 
have proven to be hereditary in a sim- 
ple fashion. While they are called 
monogenic, there is no implication that 
they are all typical modifications of the 
chemistry of the gene. They may very 
well be inactivations or deletions of 
the gene material. The important point 
is that they behave genetically as single, 
point mutations. 

The following hereditary, monogenic 
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variations arose in the radiated mate- 
rial : 

1. Ridged (ri) or rough leaves— 
Figure 1. This recessive mutant arose 
from the homozygous diploid as the 
result of radiating the growing tip of a 
young plant for 26 hours with two 
needles (April 30, 1930). A marked 
burning and stunting of the mother 
plant was evident which persisted even 
to maturity. The pollen was 50 to 90 
per cent sterile. The mature fruits 
were partially sterile, with very few 
seeds. 

The next generation, while germinat- 
ing well, was small and stunted. The 
ten plants were exceedingly slow grow- 
ing and became infested with red 
spiders which is rarely true of normal 
plants in the greenhouse. The pollen 
was tested in only two of ten stunted 
plants and found to be normal. 

Seed from one stunted plant (1350- 
3) grew well in the next (third) gen- 
eration and proved to be homozygous 
for ridged or rough leaves (30 plants). 
Three consecutive generations from 
these have now continued to breed 
true. Moreover the ridged variant has 
been hybridized with other forms and 
found to be recessive. It has reap- 
peared in Fz (179:46) and _ backcross 
(77:67) generations in percentages 
slightly less than the expected 25 and 
50 per cent. The extracted recessives 
have developed as striking a case of 
ridging of the leaves as the original 
form. This new character is inde- 
pendently inherited of the d (dwarf) 
gene on the first chromosome, but 
gives indications of linkage with the c 
gene. 

2. Virescent-white (v)—Figure 3. 
Another recessive variant that arose in 


to 15 mm. diameter, exposures of 5 to 15 hours usually produced a burn on the epidermis 
and abortion in some of the seeds, but permitted enough seeds to mature to serve as experi- 


mental material. 
out killing all the seeds. 
mature fruits. 


Longer exposures (up to 30 to 60 hours) were used on larger fruits with- 
Accordingly, there is a very wide range of time in radiating im- 


All radiated plants were grown and subjected to the radium in the greenhouse with 
temperatures ranging from 60° to 85°F. The seeds were radiated in the laboratory at room 


temperature. 


All plants from which seeds are taken to continue the line have always been 


grown in the greenhouse where the possibility for contamination by foreign pollen is re- 


duced to a negligible minimum. 


. 


THE RADIUM-INDUCED “RIDGED” MUTANT 
Figure 1 


Ridged mutants on the left are compared with normal plants of the same age at the 
right. (The pair shown above are younger than the pair shown below.) 

The character ridged is manifest in late seedling stages, although occasionally a few 
slightly affected plants might be overlooked by the inexperienced eye. The best manifesta- 
tion of the character is the distinct ridging on the upper surface of the leaves caused by 
abnormal growth of the epidermal layer in irregular ridges. These ridges are not connected 
with the vascular system. Secondary effects are a reduced area of leaf size coupled with a 
slow rate of development. The plants usually set a few good fruits, somewhat irregular in 
shape, but bearing viable seeds in reduced numbers. Pollen development is excellent (98 per 
cent good pollen). 
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the homozygous diploid as the result 
of radiating the growing tip of a young 
plant for 21 hours with two radium 
needles. A pronounced burn and stunt- 
ing of the top foliage resulted. Later 
two strikingly different sectors ap- 
peared on the mother plant, one a dis- 
tinct bluish green with narrow, stiff 
leaves, the other a light-green sector 
(Figure 2). The former sector proved 
to be fertile, had good pollen and pro- 
duced small, although good fruits with 
a fair set of seeds. The light green 
area was completely sterile. Both sec- 
tors have been continued from cuttings 
for over two years, and each retains 
the original phenotype and fertility (or 
sterility) except that later the light 
green form occasionally reverted or 
mutated to a normal green, fertile con- 
dition, usually in one branch late in the 
season. 

The new variant, virscent-white, 
arose in the next generation from the 
fertile, blue-green sector, there being 
64 normal and 28 virescent-white seed- 
lings. The normal plants had complete- 
ly lost the phenotypic, bluish-green, 
stiff-leaved condition of the original 
mother sector.. The new _ recessive 
virescents were sharply distinguishable 
from the time the cotyledons and the 
first leaves emerge (Figure 3). The 
young leaves are practically albino. As 
a result the type is exceedingly slow 
in growing, but under good growing 
conditions the young leaves assume 
more and more chlorophyll. At matur- 
ity the older leaves become practically 
green, although showing a distinctly 
whitened margin. The growing tip, 
however, maintains the virescent-white 
conditions usually less albinotic than 
the first leaves. This tends to make 
the plant a slow grower at all stages. 
Most of the virescent-whites set a 
few fruits with good seed develop- 
ment. 

This type has now bred true for the 
virescent condition for three genera- 
tions. It has been recovered from out- 
crosses. The pollen is normal. It 
should prove useful for linkage tests 
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because it can be detected best in the 
seedling stage. 

There is no complete explanation ap- 
parent for the phenotypic changes in 
the original, mother sectors. The blue- 
green, fertile sector is obviously Vv in 
genotype but its peculiar characteristics 
are completely lost by sexual reproduc- 
tion. Apparently the radium affected 
the cytoplasm as well as the |” gene. 

The condition in the sterile, light- 
green sector is equally interesting. 
When the reversion to normal foliage 
occurs and fruits are formed, it also 
becomes (or is) genetically heterozyg- 
ous Il’v, since five different progenies 
have all segregated for virescent-white 
and the dominant, normal green. What 
occurs in the reverted branches? Is 
this light-green sector really homozyg- 
ous recessive vv in nature and the 
reversion a mutation to Vv? Probably 
not, since the vz genotype should be- 
come manifest, which it does not (the 
foliage is distinctly light green, but 
certainly not virescent-white). More- 
over such an hypothesis would call for 
the double mutation of the two VV 
genes at one time as the result of 
radiation, 

It is more plausible that this light 
green sector is also heterozygous lv 
but that the cytoplasmic change _in- 
duced by radiation has a direct influ- 
ence on fertility. The pollen in this 
form is completely abortive. In the 
reverted branches, however, the pollen 
is perfectly good as is the fertility of 
the flowers. Evidently the phenotypic 
light green, cytoplasmic change is some 
sort of a block to fertility, but what it 
consists of is yet unknown. Since the 
two sectors are still growing they will 
afford excellent material for investigat- 
ing an unusual case of what seems to 
be a “radiomorphose”’ effect. 

3. Yellow foliage (l-lutescent). A 
third mutant from radiated homozygous 
material also arose from exposing 
the young growing tip when the first 
cluster had just emerged. Two needles 
were used for 30 hours. This first 
cluster was burned out, but later clus- 
ters had a good set of fruit, although 
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LEAVES FROM CHIMERAL TREATED PLANTS 
Figure 2 


Leaves from two sectors of a radium-treated plant. 
sterile, light green sector, and at the right are leaves from a fertile blue-green sector. 


At the left are shown leaves from a 
In the 


next generation from the fertile sector the virescent-white seedlings shown in Figure 3 


appear. 


the fruits were noticeably smaller than 
normal. 

The next generation showed good 
germination with no seedling abnormal- 
ities, although considerable sterility in 
the mature plants was evident. At 
maturity 31 green and 11 yellow-foliage 
plants resulted. Two subsequent gen- 
erations from some of the more fertile 
yellow plants proved that the yellow- 
foliage character was a recessive. A 
fully fertile, homozygous line of this 
type is now available. 

This variant gives a phenotypic ex- 


pression much like the already known 
yellow (ll) except that it is not quite 
so pronounced. The radium-induced 
variation begins to show a faint yellow- 
ing in the young plant (3 to 4 weeks 
old) and this becomes more and more 
pronounced with time. The yellowing 
effect is also apparent in the pistils of 
the flowers and in the immature fruits 
which develop a waxy, yellow color 
very distinct from the usual yellow- 
green of ordinary unripe tomato fruits. 

The radium-induced type has been 
crossed with our original yellow (/) 


. 
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VIRESCENT-WHITE SEEDLINGS 
Figure 3 
From the fertile sector of a radium-induced chimera (Figure 2) a strain was isolated 


having virescent foliage. 


character, which behaves as a typical recessive in crosses. 
These virescents are practically albinotic in the seedling stage and 
Later leaves contain more chlorophyll and the plants eventually attain 


seedlings for comparison. 
growth is very slow. 
a nearly normal development. 


from two different sources. It has 
given 100 per cent yellow in both F; 
generations, proving that the artificially 
induced change is identical genetically 
with the naturally induced yellow. 

4. Yellow seedlings (ys)—From a 
variety hybrid F; generation (Sutton’s 
Best of All & Golden Dwarf Cham- 
pion) whose dry seeds were radiated, 
a typical, lethal, recessive yellow seed- 
ling arose. In this case two radium 
needles were used for nine hours over 
dry seeds in a ring glass slide. One- 
half of the radiated seeds were killed, 
one-fourth had their cotyledons badly 


The four rows of seedlings at the left are homozygous for this 


At the right is a row of normal 


burned and the remainder seemed to 
be normal, although only three of 20 
seeds gave mature plants. From one 
of these plants (1295-1) there resulted 
62 green and 17 yellow seedlings. The 
mother plant, although apparently nor- 
mal phenotypically, had 30 per cent 
sterile pollen. 

A progeny test from the green plants 
of segregating progenies gave 16 homo- 
zygous green progenies and 39 seg- 
regating progenies. This is a devia- 
tion of only 2.3 + 2.4 from expecta- 
tion, and shows that a single gene dif- 
ference is operating. Some of the 
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THE “ROLLED” MUTANT 
Figure 4 


The name “Rolled” has reference to the condition of the cotyledons which are curled or 
rolled upwards from the mid-rib. A normal plant of approximately the same age is shown in 


Figure 1 (lower right). 
right has potato-leaf foliage. 


earlier pollen abortion disappeared in 
later generations. 

Since the original material in this 
case was not derived from the very 
favorable, homozygous strain from the 
haploid, considerable care was taken 
to test the parental varieties and sister 
F, plants of the cross. None produced 
any yellow seedlings. As a matter of 
fact there have been no yellow seed- 
lings of this sort in any of our tomato 
cultures, nor is the writer aware of any 
other stocks of this type. Some five 
years ago a sectorial chimera arose in 
one of our tomato stocks which gave 
the maternally inherited lethal, vellow 
seedlings, but this stock was in no way 
related to the variety cross used. 

It is interesting to note that a year 
later one of the graduate students in 
the Department of Genetics (Mr. K. 
Kopf) produced similar hereditary yel- 
low seedlings in the homozygous dip- 
loid material by the use of cathode rays. 
Whether this variant is genetically 
identical with the radium-induced form 
is yet to be established. 


5. Rolled (rc)—Figure 4. This 


fifth variation had the same history of 
treatment as the preceding (No. 4). 
From the partially sterile plant (1295A- 


The plant at the left has normal tomato-leaf foliage; that at the 
. In older plants the sparse, drooping foliage, slenderness and 
slow growth are characteristics of the mutants. 


1) which was the first generation from 
the radiated seeds, there were 62 green 
and 17 vellow seedlings. The 62 greens 
were recorded as normal although pos- 
sessing considerable sterility and some 
general variability. In concentrating 
attention on the yellow seedlings in 
this generation, apparently no detailed 
notes were made at this early stage on 
the green sister plants. 

It was not until the next generation 
that the new character rolled was ap- 
parent. Then two families bred true 
for this type and four were segregating 
for it. It was first apparent in the 
homozygous families where attention 
was attracted by the uniformity with 
which the cotyledons rolled (upwards). 
Later, other effects were noted such as 
its scarcity of leaf surface (Figure 4), 
its slender, drooping foliage, and its 
slower growth. Once in homozygous 
form it was very noticeable. Since then 
two subsequent generations have been 
grown and it has continued to breed 
true. It has also been outcrossed and 
recovered with typical monogenic in- 
heritance. It is inherited independently 
of the potato-leaf type. 

In the various true-breeding lines, 
another characteristic has become fixed 
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or accentuated. This is shown in the 
seedling stage when the young plants 
have great difficulty in pulling their 
cotyledons from the soil. As a result 
the seedlings become “looped” and 
many of them never emerge normally. 
This is very likely another manifesta- 
tion of its slender growth. 

Apparently here is a gene difference 
which has obvious manifold effects 
(rolled cotyledons, slender growth, 
scarcity of foliage and slow develop- 
ment). Evidently one force is acting to 
hinder normal growth, so that in the 
strict sense the gene difference is one 
controlling the rate or vigor of growth. 

6. Sterile (st)—Frontispiece. The 
sixth variant arose in radiated, homozyg- 
ous L. pimpinellifolinm (Red Currant 
variety) material. In this case a young 
plant was treated for 37 hours with 
one radium needle hung in the growing 
point. The next generation consisted 
of 11 fully fertile and 3 completely 
sterile plants. The latter were astonish- 
ingly striking in a later stage, when 
growth having almost ceased, the leaves 
assumed a decided purplish color. 

This form is not particularly adapted 
for linkage studies for it must be car- 
ried on by heterozygous normal plants. 
It has advantage, however, in being de- 
tectable when the plants are relatively 
young so that large numbers can be 
tested in a limited space. 


Discussion 


There can be no doubt that radium 
induces hereditary changes in the toma- 
to. The six hereditary mutants herein 
described happened to be _ recessive, 
very likly because most artificially in- 
duced changes are recessive for obvious 
reasons. ‘There is usually sufficient dis- 
turbance to the morphology and fer- 
tility of the radiated mother plants to 


render the detection of dominant 
changes, if any, difficult. Moreover, 


there is often a confusing carry-over 
into the next generation of some of 
these variations, which may be either 
transitory or lost by sterility. Hence 
an abnormal dominant variation (asso- 
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ciated with sterility) would very likely 
be lost before it was isolated, but a re- 
cessive form may be carried over until 
the early, severe sterility or morphol- 
ogical disturbances are selected out. 

Of the six mutants, three affected 
the chlorophyll complex  (virescent- 
white, yellow or lutescent foliage and 
yellow seedlings), two the morphology 
of the plant (ridged leaves and rolled), 
and one developed a general sterility or 
stunting effect. The v, ri and re fac- 
tors should be useful for linkage 
studies, and seeds of the homozygous 
recessive forms are available to students 
of tomato genetics. Only the ri gene 
has been tested for linkage on any 
scale and it gives indications of being 
linked with the Ce genes. 

Chromosome counts have been as- 
certained for the ri, v, 1, re and st 
forms. All possess the typical twelve 
pairs, a fact which corresponds with 
their pollen normality and their mono- 
hybrid genetic behavior. 

Experience with radium treatment in 
these investigr*ions would seem to show 
that radiating the young growing tips 
afforded the best chances of obtaining 
heritable mutations. While this was 
the actual experience, a word of qual- 
ification must be given. More of such 
material was tested because the radia- 
tion of seeds or fruits usually de- 
stroved much of the material, or gave 
few seeds that germinated. When the 
growing tip is overly radiated there 
may be a serious burning of the tissue 
nearest to the needle, but since the 
tomato regenerates very easily, some 
adjoining tissue (also under the influ- 
ence of the radium) carries on, and 
often develops a reasonable set of 
fruits. From the good seeds of such 
fruits any recessive mutants may then 
be picked up in the next generation. 

Finally, it should be realized that 
these six, distinct, hereditary variations 
herein reported are only a very small 
selected part of the radiated material 
that has been tested. An experimenter 
working on a small scale would not 
be likely.to encounter many such simple 
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cases. The greater proportion of his 
results would be the more intangible, 
complex changes usually correlated with 
much genetic sterility and with very 
abnormal growth habits. Many of 
these variations, caused by chromosome 
fragmentation, deficiency, etc., are tran- 
sitory or carried on with great diff- 
culty. These are rarely of any direct 
genetic interest unless the details of 
the chromosome irregularities are care- 
fully investigated contemporaneously. 
Summary 

Six heritable, recessive variants were 
induced by radium treatment. Three 
of these affected chlorophyll characters, 
two morphological characters and one 
caused the sterility and stunting of the 
entire plant. Of the six only one 
variation proved to be identical with a 
natural mutation. At least three were 
wholly different from any variation 
known in the tomato. 

These six hereditary variations were 
but a very small, selected group of 
changes caused by the radium treat- 
ment. Since they behaved genetically 
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as simple monogenic characters, they 
may well be termed gene mutations, 
without implying that all are due to 
chemical transformations of former 
genes. They might be caused by min- 
ute deletions or physical inactivations 
of the chromatin material. However, 
the chromosome counts for all were 
normal and typical for the species. 

An interesting case of a cytoplasmic 
change, associated with a genic change, 
both caused by radium treatment is re- 
corded. Two phenotypically different 
sectors arose on the same mother plant, 
one dark green and fertile, the other 
light green and sterile. The latter re- 
verted to fertility and normality by som- 
atic mutation, and then carried the 
same mutative genotype as its fertile 
sister sector which was heterozygous 
for a new character, virescent-white. 


Methods and time of exposures for 


radium needles( with 12 milligrams 
radium) are given. Four of the six 
mutations arose from radiation of 


young growing tips and two from rad- 
iated seeds. 
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Fifteen Years of Broad Bean Genetics 


BEITRAGE ZU EINER GENOTYPI- 
SCHEN ANALYSE DER ACKER- 
BOHNE, VICIA FABA L.,, by M. J. 
SIRKs. (Reprint from Genetica XIII, 
1931.) Pp. 209-631; 43 figures, 100 tables. 
Price, 22 Guilders. The Hague, Martinus 
Nijhoff. 1932. 


HIS massive monograph represents 
the product of fifteen years of in- 
vestigation on the genetics of the broad 
The known genes are discussed 


bean. 


under the following classification: those 
affecting growth habit, leaf characters, 
inflorescence and flower, and_ those 
which cause semi-sterility and zygotic 
sterility. There are four linkage groups 
including a total of 19 genes (the hap- 
doid chromosome number in Vicia faba 
is 6) ; the remaining 7 factors segregate 
independently of members of these four 
groups, but their linkage relations with 
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one another have not been fully tested. 

The most extensive single section of 
the monograph is devoted to an anal- 
ysis of leaf size and shape. This mate- 
rial has been reported on in part be- 
fore, but part of it is new, and all of 
it is presented now for the first time 
with full and detailed data. The fac- 
torial interpretation offered, involving 
a set of quadruple allelomorphs, a set 
of triples, and two additional factor 
pairs, is sufficiently complicated to pro- 
voke at first glance the suspicion that 
it is over-imaginative; however, the 
tables of data indicate that it has been 
tested from nearly every angle, and 
that a close fit with expectation has al- 
most without exception been obtained. 
The author’s explanation of the rare 
“exceptional” (intermediate) F2 types 
seems less felicitous, however, and his 
preliminary theoretical discussion of the 
relation of his findings to the quantita- 
tive theory of the g ae, concerning 
which he promises fuller treatment in 
a forthcoming publication, is rather un- 
satisfactory. 

Particularly interesting are the phen- 
omena which appear to indicate plas- 
matic influences of several sorts: 

In crosses of the two subspecies, 
major and minor, there is normal seg- 
regation for all factors in the F2 if the 
P; females were major plants. If, 
however, the P; crosses are minor @ 
xX major 8, plants homozygous for 
certain factors of major origin are 
lacking in the Fs. This deficiency is 
associated with the abortion of an ex- 
cess of 25% of the F; seeds. Since the 
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factors concerned, of which there are 
six, are all in the same linkage group, 
it is inferred that when two major 
chromosomes, bearing them are present 
in minor plasm, the zygote is inviable. 

In the case of the gene I’, for varie- 
gation, there are likewise, in certain 
crosses, deviations from the ratios which 
would be expected, according to Sirks’ 
formulations of the factorial make-up 
of the plants, if the inheritance were 
purely chromosomal. This case, while 
much less clear-cut than the preceding, 
is interpreted along similar lines. Here 
it is supposed that either )’-bearing or 
v-bearing gametes in one sex may be 
inviable, according to the nature of the 
cytoplasm, though in this instance it is 
not a matter of whether the cytoplasm 
is of major or minor origin, but of its 
constitution with respect to two par- 
ticular factors. 

Finally, for several factors, there is 
a quantitative difference in the reaction 
of major and minor cytoplasm to iden- 
tical genotypes. In minor plasm, the 
expression of each of the quadruple 
allelomorphs at the G-locus (general 
growth factors, affecting fruit size, stem 
length, and leaf dimensions) is exag- 
gerated in its action on stem length and 
diminished in its action on fruit size, 
while its effect on leaf dimensions is 
the same in both types of cytoplasm. 
Similarly, two color genes, Z (reddish 
flowers) and P (purple seeds), in 
minor plasm produce darker colors 
than in major plasm. 

Paut R. Davin. 


Storrs Agricultural Experiment 
Station. 


Hebrews’ Return 


Kaznelson, Reuben. L’Immigrazione degli 
Ebrei in Palestina nei Tempi Moderni. 
Rome, 1931. Pp. 92. 


HIS bulletin forms No. 2 of the 
first series of publications of the 
Italian Committee for the Study of 
Population Problems. The Jewish im- 
migration into Palestine since 1880 is 


reviewed. During the last decade it 
has received more Jews than any other 
country except the United States, and 
the writer thinks that it may play an 
important part in providing a home for 
this people in the future. 
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TWINNING IN SEVEN GENERATIONS OF 
THE BERTOLET FAMILY 


SAMUEL B. DETWILER 


U. S. Department of Agriculture 


TWINS FROM A TWIN-BEARING FAMILY 


Figure 
Among the descendants of Jean Bertolet and Suzanne Harcourt (married in 1712), 3.3% 


have been twins. 


WINNING in humans is a sub- 
ject of perennial interest, but as 
in most human material, extensive 


pedigrees involving twins are not nu- 
merous. Any additions to the existing 


information are of value; the present 
article presents a record of 1,333 de- 
scendants of Jean Bertolet and Sus- 
anne Harcourt extending through seven 
generations. The source of these data 
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is “A Genealogical History of the Ber- 
tolet Family,” published in 1914.* This 
record furnishes interesting data on the 
inheritance of twinning; a more thor- 
ough study of the entire family may 
have additional value, since it appears 
that a high proportion of the members 
of this family engaged in professional 
and scientific pursuits. 

No attempt has been made by the 
writer to verify the information given 
in the published record. If the résumé 
presented herewith appears to have sci- 
entific value, the up-to-date record and 
supplementary facts could no doubt be 
obtained through cooperation with the 
Bertolet Family Association. It is be- 
lieved that the complete record of all 
branches of the family could be se- 
cured in this way. It is also thought 
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that records could be obtained in 
Europe on the earlier generations of 
this family. The data for the Bertolet 
family in America extend through sev- 
en generations, and if the investigation 
were brought up-to-date, could be car- 
ried to the eighth or ninth generation. 

The Bertholet family in France was 
early identified with the Huguenots in 
religion and politics, and the revocation 
of the Edict of Nantes in 1685 caused 
many of this name to emigrate to other 
lands. Some of these settled in the vil- 
lage of Chateau D’Oex, Canton Vaud, 
Switzerland. There Jean Bertholet was 
born, but when a young man he went 
to Minfield, Germany, where he married 
Susanne Harcourt in 1712. In 1726, 
with his wife and five children, he set- 
tled in Oley, Berks County, Pennsyl- 


Genealogical Record of Twins in the Bertolet Family 


1. Jean’; married 1712; children (no twins) : 


2. Abraham; 3. Maria; 4. Jean; 5. Esther; 6. Susanna; 7. Frederick; 


8. Peter (died, age 16). 


. Abraham’; married 1734; children (no twins) : 
9. Maria*. Descendants not traced. 


Paul®-Pauline® 


10. Daniel*; Daniel*; Maria®; John F.°; Sarah‘; Twins, 1904; living 


Esther®; Keturah’; 


“ “ “ 


“ “ 


11. Elizabeth*, No record. 


Lily’-Margaret* 
Twins, 1885; living. 


Jacob’ ; Mary’-Elizabeth® 
Twins, 1844, both died June 2, 1876. 


Israel*; 


Twins, 1892; living. 
{ Elizabeth’-Genellah* 


Elizabeth"; ) Twins, 1910; died at birth. 


12. Samuel*: married 1771 to first cousin, Esther*, daughter of Susanna*; children 


(no twins) : 


Son, died, aged 1 day; son, died, aged 88 years ; son, died, aged 67 ; daughter 
died, aged 1 month; son, died, aged 66; son, died, aged 4 months ; daughter, 
died, aged 3 months; son, died, aged 2 months. 
In 1788 his first wife died, and in 1790 Samuel* married his first cousin Eliza- 
beth®, sister to his first wife; children: 
Son, died, aged 73; daughter, died, aged 55; son, died, aged 72; twin daugh- 


ters, died, aged 82 and 89. 


William’-Annie’ 


12a. Samuel*-Esther*; Abraham F.‘; Samuel H.*; Albert*; { Twins, 1871; one living, 


“ Jacob‘; John’; Henry’; 1 


one died, aged 24. 


Ada*-Flora’ 
Twins, 1885, one living; one died, 
aged 1 year. 


(Continued on next page) 


*Press of the United Evangelical Publishing House, Harrishurg, Pa.; 1914. 
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vania. Ih his new home, he changed the 
spelling of his surname to Bertolet. 

In the following list, Nos. 2 to 8 in- 
clusive are the children of Jean Berto- 
let, and Nos. 9 to 14 inclusive are the 
children of Abraham Bertolet, the old- 
est son of Jean. The publication from 
which this list was made relates princi- 
pally to the descendants of Abraham 
Bertolet, and is very incomplete for 
other lines. Numbers used as expon- 
ents following a name indicate the num- 
ber of generations from Jean Bertolet 
to the individual listed. Beyond the 
third generation, only those individuals 
are listed that are necessary to show the 
ancestory of twins. Ditto marks in the 
list indicate the same individual that 
appeared in the preceding entry. Ages 
and other data are given wherever it 
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may have a value to investigators. 
There were four birth records of indi- 
viduals born into the same family a 
few months apart in the same year. 
These were considered to be typograph- 
ical errors and were not listed as twins. 
Children born in a family on the same 
date and same year were listed as twins. 
The data are presented as published in 
1914; this eliminates triplets borne by 
a grand-daughter of Esther,’ the latter 
a twin herself. 

The genealogical record from which 
the preceding list was made is fairly 
complete and apparently dependable 
only for the 1,186 descendants of Jean 
Bertolet through the line of his son 
Abraham, for the period 1712 to 1914. 
Out of the 1,186 persons in this line, 
there were 17 sets of twins, or 2.9 per 


12b. Samuel®-Elizabeth®; John‘; Esther®; Elmira*® 


{ John’-Elizabeth® 
UTwins, 1893; both died, 1893. 
Emma’*-Annie*® 


Lydia’ ; — 1874; one living ; one died at birth. 


“ “ “ 


Daniel*; John’; 


{ Daniel’-Joseph® 
UTwins, 1852; both died 1857. 


John’; 18530 


Twins, 1893; living. 


{Esther‘-Elizabeth* 


UT wins, 1799; died, 1881 and 1888. 


Esther‘; Samuel’; William’; 


“ “ “ “ 


Alice*-Charlotta’ 
UTwins, 1907; both died, 1908. 


{Samuel’-Robert’ 


Samuel’ ; UTwins, 1909; living. 


13. Esther*® (sister of Samuel*) ; married George Yoder; no further record. 


14. John*; John*; David’; 


{ Miranda*-Elmira® 
UTwins, 1845; living. Records of branch incomplete. 


Sallie’- Hattie’ 
Levi®; Josephine’ ; Twins, 1873; living. 
Subsequent records incomplete. 
( Harry*-Helen* 
Mahlon®; Charles*®; Rosa‘; Twins, 1902; living. 


3. Maria®. Record of descendants not traced. 


Record incomplete. 


4. Jean*. Apparently had twin daughters in 1757, but record of descendants inadequately traced. 


Joseph*-Benjamin‘* 
Twins, 1775. 


5. Esther*; Esther’; 


Further records inadequately traced. 


6: Susanna*. Record of descendants not traced except Esther* and Elizabeth’, previously shown, 
7. Frederick*. Record of descendants inadequately traced. 


John*; Daniel‘; 

“ “ Mayberry® 

“ 


{ Amelia®-Elizabeth*® 
lApparently twins ; record inadequate. 


§{Wellington’-Benneville® 
(Twins, 1844; living. 


Annie’-Margaret’ 


Emma’; 1864. 


Chester’-George’ 


Calvin’; Amelia*; 1900; living. 


’ 2 
“ “ 
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cent of the individual descendants. In 
the line of Samuel® the record of 645 
of his descendants is given. There are 
9 sets of twins, or 2.8 per cent of the 
descendants in this line. Out of the 
total of 1,333 individuals whose descent 
from Jean Bertolet is shown in the rec- 
ord, there were 22 sets of twins (and 
other possible cases). Thus, 3.3 per 
cent of all recorded descendants of 
Jean Bertolet were twins. 

These data may indicate transmission 
of the twinning characteristic through 
the male line as maintained by Daven- 
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port,* since the percentage of twins ap- 
pears to be high, and to have persisted 
through seven generations. Adequate 
data are not presented as to the descen- 
dants of the daughters of Jean Berto- 
let, hence it is not certain that the 
twinning tendency may not have been 
even greater in the female line. It was 
certainly strongly marked in the male 
line. The marriage of first cousins does 
not appear to have increased the per- 
centage of twins in their descendants, 
but in one case appeared to affect lon- 
gevity. 


*Davenport, C. B. Is there inheritance of 
handlungen des V. Internationalen Kongress 
595-602. 


twinning tendency from the father’s side? 


Ver- 
fiir Vererbungswissenschaft, Berlin, 1927. pp. 


Effects of Sterilization as Practised in California 


Condensed from a Survey Made by the Human Betterment 
Foundation of 6,000 Sterilization Operations. 


One effect only—it prevents parenthood. 


It in no way unsexes the party sterilized. 


It is not a punishment; it is a protec- 
tion; and therefore carries no stigma 
or humiliation. 


. As practised in California, it does not 
increase, but diminishes, sex offenses 
after sterilization and parole. 


Sterilization is approved by the families 
and friends of the sterilized. 


It is approved by the medical staffs, 
probation officers, and social workers 
generally, wherever they have come in 
contact with these patients. 


It permits many patients to return to 
their homes and friends, who would 
otherwise be confined to these institutions 
during the fertile period of life. 


The records show that many moron 
girls paroled after sterilization, have 
married and are happy and succeeding 
fairly well. They could never have 
managed and cared for children, to say 


nothing of the inheritance and fate of 
such children. 


Homes are kept together by sterilization 
of husband or wife in many mild cases 
of mental disease, thus removing the 
dread by the normal spouse of the pro- 
creation of a defective child, and per- 
mitting normal marital companionship. 


There is no discovery vitally affecting 
the life, happiness, and well being of 
the human race in the last quarter of a 
century, about which intelligent people 
know so little, as modern sterilization. 
The operation is simple; it removes no 
organ or tissue of the body; it has no 
effect on the patient except to prevent 
parenthood. Under conservative laws, 
sanely and diplomatically administered, 
as they have been in California, these 
discoveries developed by the medical 
profession now offer to these classes of 
suffering, distressed humanity, the great- 
est relief possible and the greatest pro- 
tection to the defenseless child of the 
future. It offers one humane, practical 
protection against threatened race degen- 
eracy. . 
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IS EUGENICS DEAD? 


A. W. Forses 


Worcester, Mass. 


HE following brief and provocative communication presents a view that is probably 

general enough to deserve disc ussion. Mr. Forbes is a business man who has for many 

years been interested in “positive” eugenics as evidenced by a brief article on this subject 
he contributed to the JOURNAL in 1921. His question therefore is not that of the entirely casual 
layman. For these reasons Mr. Forbes’ permission was obtained to send proof of his letter to 
several recognised leaders of eugenic thought in the United States, with an invitation to dis- 
cuss briefly these expressed fears regarding the moribund condition of eugenics. As would be 
expected, replies for publication were not forthcoming from all those to whom this proof was 
sent, but so much of interest was contained in the comments received, that for once the Editor 
feels justified by the results in the course adopted. ,Obviously no endorsement of any or all 
of the somewhat conflicting views is implied in their publication. 

It may be of interest to review in this connection the status of this Association with re- 
gard to the eugenics movement. The question of the policy that should be pursued has been 
discussed at many meetings of the Council of the Association. It has been the consensus of 
these discussions that the most useful purpose this organisation could fill is to avoid the 
adoption of any definite and unequivocal “policy” with regard to eugenics. In the present 
state of knowledge and of popular opinion regarding the significance of genetic principles in their 
application to human affairs, there is great need for a source of accurate and unbiased in- 
formation, not embarrassed by adherence to any particular “program.” Jt has been the 
folicy of the Council that we should avoid official “axes to grind” other than that all-important 
“axe"—a demand for more knowledge,—and the presentation of this knowledge in a form|, 
that wili be intelligible to all who are genuinely interested in the subject. This attitude of 
“no axes” is carried by some members of the Council to the extent that we are prepared to 
give favorable consideration to analyses that might demonstrate fundamental uisoundness in 
present eugenic efforts. It is the conviction of the writer that the recognition of at present 
unappreciated principles, that is, an “inventive approach” or a “mutation” of social ideas is 
urgently needed in the development of this subject. 

In the past we have gladly opened the pages of the JourNAL to discussions of eugenics. 
Perhaps Mr. Forbes’ questions, and the answers that they have elicited, will inspire other 
contributions regarding eugenic theory or practice—some of them embodying the revolutionary 
changes suggested in the preceding paragraph. If the JourNAL is privileged to present some 
of the fundamental contributions to this vitally important and fascinatingly complicated subject, 
it can hardly serve a more useful purpose —Epitor. 


OME years ago studies were made 

that confirmed the common ob- 

servation that college graduates 
and intelligent people were not hav- 
ing enough children to keep up their 
numbers, while the lower classes were 
multiplying. This was not generally 
considered of much significance, be- 
cause it was felt that the lower classes 
contained a vast amount of undevel- 
oped genius. All that was necessary 
was to give this genius opportunity 
by education. 

Then came the wave of intelligence 
tests. Crude and unreliable as these 
tests have been found in many re- 
spects, they have demonstrated beyond 
reasonable doubt that the vast reser- 
voir of undeveloped genius does not 
exist. This supply consists only of the 
few exceptional individuals, and they 
are continually becoming scarcer. This 
discovery proved that a positive pro- 
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gram of eugenics was an immediate 
need, not something that could be 
postponed for future study and ac- 
tion in future generations. And yet 
nothing is done about it. 

Further studies, particularly those 
of Prof. Woods, followed by confirm- 
ing data by Prof. Huntington, brought 
out an interesting correlation between 
success and family size. These sta- 
tistics agreed with the personal views 
of some of the advocates of eugenics, 
but they were valuable in furnishing 
a more reliable foundation for eugenic 
theory. But, since the original pub- 
lication, we have heard nothing. 

It has been five years now since 
Prof. Woods published his figures, 
and nothing has resulted. In these 
five years there may have been studies 
confined to some research institution 
or possibly published in some remote 
technical publication, but I have not 
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heard of any. Nothing of this nature 
has appeared in the JOURNAL OF 
Herepity. Even the reports of the 
Third International Congress of Eu- 
genics failed to include a single ma- 
terial advance in theory or a single 
practical plan of action. 

As a result the feeling is spreading 
today that eugenics is a fad that has 
come and passed, that it should be 
consigned to the realm of visionary 
utopias, unworthy of consideration by 
practical men. And even thinking men 
ask the questions: Are there any real 
students of eugenics today? If there 
are any where are they? Have they 
any program? Is there any reason 
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why the man of wealth should give 
them support? 

It is time for the advocates of eu- 
genics to get together to let the friends 
of the movement know of their exis- 
tence, and to decide upon a few steps 


in advance of a practical nature. Why 


not use the pages of the JouRNAL oF 
Herepity for the publication of pro- 
posals of a practical nature, with the 
merits and objections to each pro- 
gram? It might not lead to extensive 
action, but it would at least act as a 
point of contact between the students 
of eugenics. It would let us know who 
was interested and what kinds of ac- 
tion they were recommending. 


THE PRESENT POSITION OF EUGENICS 


C. G. CAMPBELL 
President of Eugenics Research Association 


NATION fails to reap in full 

the benefits of eugenical knowl- 
edge, not because such knowl- 
edge is unavailable, but only because 
the adoption of anything like an 
adequate eugenical programme would 
entail the abandonment by many indi- 
viduals of cherished preconceptions, 
and a somewhat radical readjustment 
of their individualistic aspirations. In 
other words it would necessitate their 
taking a racial rather than an _ indi- 
vidualistic view of and attitude to life. 
But this is only one of the dragons 
that have lain in the path of eugenics. 
There is only one standpoint from 
which human life can be unerringly 


viewed, and that is the _ biological 
standpoint. It needs to be recognized 


that modern social theory has no 
foundations in biology, and that most 
of its social and ethical postulates in 
regard to humanity are in no wise 
supported by any biological findings. 
Modern social theory assumes that an 
adequate improvement in human and 
racial quality can be attained through 
an equalization in the quality of indi- 
viduals, and that this can be effected 
by environmental means. The science 
of genetics on the other hand discov- 
ers the variation of individuals to be 
inevitable. Indeed modern social the- 


ory can be seen to be inconsistent 
with and antagonistic to biological 
evolution. Biological evolution dis- 
plays no tendency to strive for equal- 
ity in individuals, but rather to pro- 
duce variant individuals, and to elim- 
inate those of inferior survival value, 
and thus constantly to improve the 
survival quality of a species or of a 
race. The major trouble with modern 
humanity is due to the fact that it 
has been constantly blecking and de- 
feating this biological process through- 
out its civilized period. 

It is of course well known that 
Galton’s work was inspired by Dar- 
win’s theory of evolution. Galton 
saw in the application of this theory 
the possible means by which humanity 
could make a_ progressive improve- 
ment in its racial quality and in its 
ability to survive, and to cope with 
and to control its environment. He 
discovered this means to be differen- 
tial reproduction, a means of race im- 
provement which should be plain to 
anyone with a moderate ability to 
understand biological life; a farmer, 
for example. There are however still 
many who are unable, or who refuse, 
to recognize this fact. 

But inability to understand this 
simple fact has by no means been 
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the sole basis of opposition to eu- 
genics. It has been considered by 
many as a coarse and unrefined stock- 
breeding attitude to give serious 
thought to the production of good 
offspring, and it is also deemed to be 
an intrusion upon the personal liber- 
ties of individuals that there should be 
any expectation that they should do 
so. It is so much less hampering to 
individualistic aims to think that all 
the necessary improvement in racial 
quality can be attained by democratic 
institutions, universal suffrage, public 
schools, and public and private philan- 
thropy, which place no such limita- 
tions on individualistic aims. And 
this opposition shows its determina- 
tion not to be converted by its dis- 
position to take a muddled view of 
the whole question, and to muddle the 
view of others by misstating it. In 
fact, an affectation of ignorance and 
of dullness of comprehension is one 
of the main reliances of such opposi- 
tion. Its star objection is, “How can 
you possibly tell who are the best 
people to have children?” It absolutely 
refuses to think that the offspring of 
parents of high moral and intellectual 
quality promise to be of any better 
racial quality and posses greater racial 
and survival value than that of the 
most asocial elements. Again it re- 
fuses to recognize that eugenical effort 
has accomplished anything or pro- 
duced any benefit, and it strives to 
belittle the possibilities of eugenical 
improvement because eugenists are 
not able to take a whole nation by the 
neck and inaugurate an effective eu- 
genic policy. 

Like all studies that tend to build 
up a body of positive knowledge, the 
science of eugenics has not stood still, 
but has broadened its outlook and its 
scope. In the beginning eugenics had 
to fight the battle for heredity, be- 
cause pre-Darwinian environmentalists 
had for a long time _ categorically 
denied the fact that heredity had any 
determinant effect whatever upon hu- 
man quality. And some of the sup- 
‘porters of eugenics thought that this 
was the whole battle. But human life 


is definitely the reaction of the indi- 
vidual to his environment. The re- 
sult will be determined both by the 
hereditary nature of the individual, 
and by the nature of the environment. 
But in any attempt to control the 
result, it needs to be clearly recog- 
nized that while the environment can 
often be controlled to immediate pur- 
pose, the hereditary factor can only 
be determined in the birth of indi- 
viduals. After that event this factor 
will remain unchanged. It is seldom 
of vital importance to determine which 
influence is the greater, and to esti- 
mate it, as is sometimes done, in per- 
centages. Indeed there is great varia- 
tion in these two influences in differ- 
ent instances. Certain physical condi- 
tions in individuals for example will 
be scarcely influenced by environment, 
others greatly. Some individuals will 
be highly susceptible to a favorable 
environment, physical or psychologic- 
al, and resistant to an unfavorable 
one; others quite the reverse. 

In short, the eugenist has long ago 
learned that the improvement in racial 
quality depends upon securing both 
the best heredity and the best environ- 
ment. The planter in selecting the 
best seed no less seeks the best soil 
in which to grow it. But in this, as 
in all cases, the best result from com- 
bined heredity and environment can 
only be attained by securing the best 
seed, in the first place. Indeed the 
prime importance of heredity has been 
proven over and over, although there 
are still environmentalists who have not 
learned about it. 

For the benefit of those who are 
poor at making human distinctions, and 
for practical eugenic purposes, popula- 
tions may be divided into what we 
can regard as the best stock, the good 
stock, and the bad stock. The best 
stock consists in that element of the 
population that not only has great abil- 
ity to overcome and control its own 
environment to its advantage, but to 
find the means of controlling environ- 
ment to the advantage of others. This 
requires in the first instance a superior 
mental equipment, and it is through 
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such an equipment that human knowl- 
edge is expanded, and that existent 
knowledge is promulgated to those who 
could not gain it otherwise. And it is 
from such an element that the whole 
group in a major degree derives - its 
attitudes and its opinions. It is through 
the mental equipment of such a minor- 
ity that population groups are organized 
politically and industrially, and that a 
large element in a population can gain 
its subsistence under industrial direc- 
tion with greater ease than on its own 
initiative. We discover how useful 
such a leadership element is in a popu- 
lation when those who gain an easy 
subsistence in employment find them- 
selves unable to get a job. And this 
element which we have described con- 
stitutes a leadership class in a nation, 
which is the major agency in deter- 
mining its future. 

The good stock in a population is 
that large element that is ready and 
willing to pull its own weight in the 
social economy, that is ready to comply 
with the social order, that possesses a 
large measure of self-reliance, that ade- 
quately performs its function in the 
industrial organization, and from which 
recruits not infrequently arise for the 
leadership class. 

The poor stock consists of the feeble- 
minded, the insane and mentally aber- 
rant, the incorrigibly indigent and 
pauper class, the morally oblique, the 
sexually delinquent, and those of con- 
firmed criminalistic tendencies. It goes 
without saying that a population is 
poorer, mentally, morally, and mate- 
rially by their existence. Their support 
is a burden upon the remainder of the 
population, nor can better be expected 
of their progeny. And they only prom- 
ise to contaminate the heredity of the 
vemainder of the population by inter- 
breeding with it. 

This latter element is calculated to 
constitute about one-tenth of our own 
population. The leadership element 


roughly consists in another tenth. While 
we might see considerable room for 
improvement in the leadership class, 
even those who are poor at making 
human distinction 


should be able to 
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distinguish the best and the worst ele- 
ments in a population, and those that 
most needed to be perpetuated, and 
those it were only desirable to diminish. 
Thus this simple and obvious division 
of a population furnishes a perfectly 
sound basis for a eugenic programme, 
the first principle of which should be to 
maintain and improve the quality of 
the leadership class. 

But it is not alone in the improve- 
ment of the material and social con- 
ditions of a population group that the 
recognition of this distinction is valu- 
able. Evolutional improvement in a 
species or a race does not occur as a 
general improvement in the racial qual- 
ities of all of its elements. It occurs 
through the birth of individuals who 
surpass their fellows in these respects. 
If the qualities of such individuals are 
not perpetuated in offspring, they are 
lost to the race, and their contribution 
as a basis for further race improve- 
ment in racial quality may be pursued 
in three directions, by individuals, by 
social effort and cooperation, and by 
political action. 

If all individuals in a nation appre- 
hended themselves as essentially units 
in the great racial macrocosm, if they 
viewed adequate and worthy progeny 
as an essential fulfillment of life, if 
they viewed the marriage relation as 
the most vital social factor in race 
improvement, and the failure in this 
human relation to produce adequate 
offspring of the highest quality as the 
greatest racial disaster that can occur, 
a nation could contemplate its racial 
future with confidence. The greatest 
eugenic need at the moment is of the 
general recognition that marriage is the 
most vital institution in human life, 
that its prime objective is the produc- 
tion of adequate offspring, that its 
true and permanent rewards to indi- 
viduals only arise from the realization 
of this prime objective, and that only 
in this lies the full realization of the 
spiritual and romantic ideals of mar- 
riage. Individuals and social groups 
can find a sufficient eugenic programme 
in these -considerations for the full 
occupation of their effort. 
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The obvious means of realizing such 
racial ideals is not in striving to im- 
pose them upon those who refuse to 
accept them, but in the thorough co- 
operation of those who hold them, and 
in the effort to realize them among 
themselves. The fruits of such effort 
cannot be expected to be abundantly 
evident at once. But if this effort is 
sufficiently sustained it cannot fail to 
grow in its influence and in its pro- 
duction of eugenic racial results. It is 
perfectly possible for individuals on 
their own account, or for social groups 
banded together with the same purpose, 
to pursue such a eugenic programme as 
they wish. And the most important 
eugenic results, namely the production 
of offspring of high quality, depend, 
not upon the preachments of eugenists, 
but upon the volitional effort and action 
of individuals. 

Naturally only such eugenic meas- 
ures can be pursued by political action 
as a political group is willing to accept. 
The United States has the distinction 
of being the first nation in modern 
times to enact laws for a eugenic pur- 
pose. Since the first law in Indiana 
in 1905, over thirty states have now 
adopted laws, some more and some less 
efficient, for the sterilization of the 
feeble-minded, the insane, and in some 
instances of other asocial elements. 
There can be no question that such 
measures promise to improve the fu- 
ture quality of the population over 
what it would be in their absence. 
These laws have caused none of the 
dire results that were predicted for 
them, and there is an encouraging ten- 
dency to extend them to embrace other 
asocial elements. 

The Federal Government has taken 
a most salutary step in the racial in- 
terest in adopting an immigration law 
embodying valuable eugenic features as 
to the racial quality of immigrants. 
It is better late than never, and it was 
the best law that politics would permit ; 
but there is still much room for im- 
provement. The great pity is that 


there was not such a regulation of im- 
migration from the beginning. This 


law has met the opposition of those of 
racial antecedents to whom it was 
unwelcome, and who are unceasing in 
their efforts to alter it. But it is ab- 
surd to think that the racial interest of 
a nation must be subordinated to the 
interest of a particular group. . 

One or two states have laws against 
miscegenetic marriage, i. e., between 
those of white and negro blood. While 
democratic society is still reluctant to 
make racial distinctions, all eugeni¢ 
study, and the science of genetics as 
well, lead to the conclusion that all race 
mixture goes to attenuate, or to lose, 
valuable human traits and survival 
values that have been built up in pure 
bred races by a long process of selec- 
tion. Indeed there is a well supported 
thesis for the theory that race mixture 
is the main cause for racial degenera, 
tion. 

It is also the eugenist’s business to 
forecast the racial future. Contem- 
porary vital statistics, present condi- 
tions of differential reproduction, and 
present social conditions and attitudes, 
go to make this forecast appear any- 
thing but an encouraging one in the 
United States. The most likely out- 
come, the best bet as it were, would 
seem to be that the American Nation, 
far from being in the way of growing 
into a race of improved racial quality 
and greater survival value, promises 
to deteriorate in its racial quality and 
to be superceded in the domination and 
unchallenged tenure of its territory in 
the course of a very few generations 
by a race of greater fertility, of greater 
aggressive temperament, and of greater 
racial cohesion and integration. And 
we do not have to look far to find such 
races. The possibility of this outcome 
might of course be greatly diminished, 
or even reversed, if the American Na- 
tion did not take too long to discover 
that its racial future depended upon 
something resembling an effective pro- 
gramme of racial improvement. 

Thus perhaps it might appear that 
the Science of Eugenics, instead of be- 
ing “dead,” is well ahead of the dis- 
position to apply its findings. 
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“MAKE HASTE SLOWLY” 
H. F. Perkins 
President of the American Eugenics Society; Director of the Eugenic 
Survey of Vermont 


N R. A. W. Forbes of Worcester, 

Massachusetts, has done eu- 
genists a favor by his challenging 
letter. It is high time that some lay- 
man voiced the sentiment which he 
expresses because it is probably true, 
as he says, that it represents a good 
deal more than his own personal at- 
titude. 

The slight note of pessimism that 
one seems to read into his title and 
into one or two of his statements is 
not alarming. It is in accord with the 
temper of the day and will most cer- 
tainly give place shortly to a more 
optimistic outlook. During such a 
period of world depression the lay- 
man cannot be expected to be very 
patient with any movement which is in 
the least vague or uncertain. This 
movement of eugenics is both. I 
shall attempt very briefly to defend 
the eugenics movement from  con- 
demnation on such grounds. 

More mistakes are made by too 
much positiveness of action and too 
quick adoption of policies than by 
undue caution. A judicious combina- 
tion of zeal and conservatism is im- 
mensely desirable in any such field 
as that of eugenics. It is, however, 
very important indeed for an organiza- 
tion or group of them to be called 
sharply to account occasionally if 
progress seems to lag. 

Personally, my conviction is that 
for a while now it will be exceedingly 
important to make haste slowly, let- 
ting the research workers continue to 
lay stone upon stone in the foundation 
upon which the structure of eugenics 
may be much more firmly established 
than is possible today. Mr. Forbes 
speaks of “a more reliable foundation 
for eugenic theory,” showing that he 
appreciates the importance of build- 
ing it. “Since the original publication 
(by Professors Woods and Hunting- 


ton), we have heard nothing.” That 
is unfortunate but by no means the 
fault of the workers in eugenics. They 
have continued their efforts with much 
zeal and with greater attention to 
scientific exactness than characterized 
some of the earlier output. 

Mr. Forbes’ letter expresses in a 
very challenging way a common and 
pardonable attitude. The layman could 
scarcely be expected to realize what a 
prodigious body of material is being 
accumulated in the effort to throw new 
light on the intricate problems of hu- 
man heredity. Mr. Forbes should not 
be impatient because of inaction on 
the part of eugenists. There is an 
immense amount of action, but it is 
less frequently and prominently writ- 
ten up in the newspapers. The public 
is being quietly but with great per- 
sistence made aware of the funda- 
mental facts of eugenics, many of the 
damaging and dysgenic beliefs of our 
ancestors are being cleared away and 
everywhere it is easy to see that a 
new tolerance is being generated. At 
this juncture such educational effort 
is immensely more important than any 
noisy propaganda. 

The program of Eugenics began as 
a pretty definite thing in the minds of 
certain people. True, scarcely two of 
them had just the same program in 
mind but they knew just what they 
wanted and what they were convinced 
would bring about prompt and almost 
miraculous results. Then followed 
the “practical” period. Legislation in 
particular received a great deal of at- 
tention and this legislation, followed 
the path of least resistance, was most- 
ly to legalize sterilization. There 
were only a few states or individuals 
that bothered much with questions of 
birth control, marriage age, segrega- 
tion of undesirables, and the various 
other plans for improving the indi- 
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vidual, the family, the community, the 
state, the nation, the race. Now, con- 
structive eugenics is on the ascendant. 
Meanwhile, “positive eugenics” has 
taken on a more important aspect. 
Studies in Americanization, differen- 
tial birth rate, selective mating and 
sundry means of making the family 
more effective, quantitatively and qual- 
itatively, have been and are being in- 
vestigated. The listings of publica- 
tions that appear in Eugenical News 
and the JouRNAL or Herepity offer 
the most convincing evidence that 
eugenics is by no means dead. Its 
activities are less spectacular than at 
first but the strength of the fundation 
that is being laid now more than jus- 
tifies the caution and conservatism of 
the larger group of eugenists. 
Furthermore, “Practical Eugenics” 
is not being neglected, particularly in 
the field of education. As evidence of 
this, see any state in which steriliza- 
tion laws have been enacted within 


the last five years. The passage of 
each of these laws was only possible 
after a vigorous campaign of educa- 
tion. Also examine the character of 
the laws and observe the extent to 
which they are more sound and so 
promise greater likelihood of being 
kept on the statutes and of being 
actually administered than were the 
early laws. 

Eugenics is indebted to Mr. Forbes 
for his challenge. The above defense 
of present programs should not be 
taken as an indication of the unwill- 
ingness of eugenists to be called upon 
to furnish the proofs that Mr. Forbes 
demands. It is well for us to be 
driven occasionally to take a _ cold- 
blooded scientific account of stock, to 
examine our program, compare it with 
the demands of the day and then pro- 
ceed to tear down, to rebuild, to add 
on until we have the very best pos- 
sible working plan for our enormously 
important enterprise. 


“NOT DEAD BUT SLEEPING” 


C. C. LitTLe 
Director of the Roscoe R, Jackson Memorial Laboratory, Bar Harbor, Me. 


R. FORBE’S question as to 

whether or not Eugenics as 
an organized movement is dead is an 
entirely reasonable one. There has 
been such a psychological and socio- 
logical maelstrom of ballyhoo and 
propaganda on economic and_ allied 
issues that the country is still either 
spell bound or billious, according to 
the stage of intoxication of the partic- 
ular locality or group concerned. 

It would seem to be a good idea in 
such times to remember that regardless 
of what the body politic may or not 
accomplish, nature is very patient and 
very sure in her methods. 

Organized eugenics in the United 
States is in the doldrums because of 
several facts. Among these may be 
cited the following: 

(1) Lack of confidence on the part 

of experimental scientists in 


what has been termed eugenic 
research. 


(2) Lack of courage on the part of 
leaders in biological, sociological 
and economic fields in facing the 
conscious control of the quantity 
and quality of human population. 

(3) Inability of the average voter at 
present to see that many if not 
all of our major ills of today 
are dependent on the fact that 
we have not used our intellect 
in the making of men as we 
have in the production of ma- 
chinery. 

One man’s guess is as good as an- 
other’s as to when these facts will be 
recognized and will force action. 

One man’s guess is as good as an- 
other’s as to whether it will be educa- 
tion, economic pressure, the disintegra- 
tion of our civilization or a combina- 
tion of all three that will force their 
recognition. 

Eugenics is not dead but sleeping. 
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The individual today can do little 
to determine whether the awakening 
will occur in our life time, whether it 
will be consciously and intelligently di- 
rected by man himself or by that stern 
old task master, Natural Selection, in 
person. 

Meanwhile until the tumult and 
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shouting passes the person who be- 
lieves in eugenics will do well to keep 
the biological lamp of his own family 
well trimmed and full of oil. That he 
can remain a vestal virgin is obviously 
absurd but that he must be wise— 
perhaps wiser than ever before—is cer- 
tain, 


“NEITHER DEAD NOR SLEEPING” 


Leon F. WHITNEY 
American Eugenics Society 


NE can hardly blame Mr. Forbes 
() for having come to the conclu- 

sion that he seems to have 
reached, but he is mistaken. The ad- 
vocates of eugenics are neither dead, 
nor sleeping, nor are they even “saw- 
ing wood.” As a matter of fact they 
are devoting their energy even more 
than ever to carrying on what they 
think and know is a good work. The 
truth is that the money which was 
furnished by the men like Mr. Forbes, 
namely business men, to carry on 
work which scientists and enthusiasts 
wanted to carry on, has dropped off 
so materially that there is practically 
nothing left to work on. 

The leader in the field of eugenics, 
namely, the American Eugenics So- 
ciety, had to curtail its expenses and 
shrink from a position where it had 
a budget of $42,000 a year, with seven 
employees, down to a point where it 
now has one employee. However, 
this depression, which is the real 
cause for the condition that Mr. 
Forbes meant, has done an immea- 
surable amount of good for eugenics 
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and I predict that as soon as it is 
over and more money is available, 
eugenics will take a start and find its 
rightful place in the affairs of men. 

Nothing could have happened to so 
bring the actual situation to mind as 
has the depression. In this country 
a man has to feel the pinch on his 
pocketbook before he begins to real- 
ize that anything is wrong, and this 
depression has made him feel that 
pinch. When it is over and he is able 
to give, he is not going to forget 
what he learned. 

I should like to see Mr. Forbes my- 
self and tell him that I know about 
what is going on. I guess he would 
be surprised. I think the chief trou- 
ble with his reasoning is that he for- 
gets that you can’t make social re- 
forms in advance of popular thought. 
A man can’t lead without having 
somebody who will follow him. But 
now, unless I am very much mistaken, 
there is a definite program and there 
will be plenty of followers and as 
those of us who are interesied in 
eugenics know, there are plenty of 
leaders as well. 


“INTEREST INCREASING” 


H. R. Hunt 
Head of the Department of Zoology, Michigan State College 


HE first question which we 
might well raise is Should there 


be a eugenic program and of 
what should it consist? In my judg- 
ment the eugenic movement at the 


present time should have three prac- 
tical objectives. In the first place, 
persons of good or superior stock 
should be encouraged to marry and 
have families of at least three or four 
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children each. I am one of those who 
believe that a low birth rate in the 
effective levels of society and a high 
birth rate in the lower levels is biol- 
ogically unfortunate. I can support 
this view with some rather convincing 
quantitative data. 

The second objective of Eugenics 
should be to encourage in every legit- 
imate way the sterilization of feeble- 
minded, epileptic, and insane persons. 
Much mental defectiveness and disease 
is undoubtedly hereditary, but even if 
an insane person has not inherited his 
defect he is not a fit person to rear 
a family anyway, so sterilization of 
the mentally ill and deficient is jus- 
tifiable both on social and biological 
grounds. Very little eugenic legis- 
lation should be urged other than 
that which makes possible the steril- 
ization of defectives. 

The third, and perhaps the most 
important, feature in the eugenic pro- 
gram at the present time should be 
the encouragement of research on hu- 
man heredity—pure human genetics, 
in short. We know all too little about 
the way in which numerous important 


human characteristics are inherited 
and it will require many years of ar- 
duous work by competent investiga- 
tors to provide us with the facts neces- 
sary for any very comprehensive eu- 
genic program. If such a program is 
to be of any use it must rest on a 
solid foundation of facts, and this 
foundation is very incomplete and 
quite insecure at the present time. 

Some of us who are teaching Biol- 
ogy to college students are presenting 
a conservative and constructive eu- 
genic point of view. I feel that our 
labors are likely to bear fruit in 
moderate measure. I find that among 
college students the interest in a ra- 
tional Eugenics is slowly increasing. 

Men of wealth have ample oppor- 
tunities for investing their funds 
effectively in the interest of Eugenics. 
The extensive subsidizing of funda- 
mental research on human heredity 
at institutions such as the Depart- 
ment of Genetics of the Carnegie In- 
stitution of Washington, at Cold 
Spring Harbor, can be of untold 
value in helping to lay the founda- 
tions for an extensive eugenic pro- 
gram in the future. 


Hearn on the “Network of Descent” 


“T an individual—an_ individual 
soul! Nay, I am a _ population—a 
population unthinkable for multitude, 
even by groups of a thousand mil- 
lions! Generations of generations I 
am, aeons of aeons! Countless times 
the concourse now making me has 
been scattered and mixed with other 


scatterings. Of what concern, then, 
the next disintegration? Perhaps, after 
trillions of ages of burnings in differ- 
ent dynasties of suns, the very best 
of me may come together again.— 
Larcapio HEARN in Gleanings from 
Budda Field. 


MODIFIED AND NORMAL FRIZZLE FOWLS 
Figure 6 


A—Low-grade frizzle cockerel (¢ 1906)) at the age of four months, and at the age of 
seven months (B). At the age of four months the plumage frequently but not always is as 
rough as that in the male shown here, but at maturity such birds frequently can only be dis- 
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A GENE MODIFYING FRIZZLING 
IN THE FOWL 


WALTER LANDAUER 


Storrs Agricultural Experiment Station, Storrs, Conn. 


N our breeding experiments with 

Frizzle fowls we crossed at differ- 

ent occasions males of our original 
American and English Frizzle lines to 
normal stock. The American Frizzles 
were bred to White Leghorns and the 
English Frizzles to Rhode Island Reds. 
Frizzled chickens obtained from such 
crosses were subsequently used for 
inter se matings. In 1930 we observed 
for the first time a new type of friz- 
zling among the offspring of such inter 
se matings of Frizzles which had been 
obtained from outcrosses. The gene for 
ordinary frizzling, as has been demon- 
strated earlier® is dominant (or more 
exactly, incompletely dominant) over 
that for normal plumage. It was also 
reported in our earlier paper that modi- 
fications of the expression of the heter- 
ozygous frizzle condition occur, to which 
we referred as F,-Frizzles. These F;- 
Frizzles are entirely different from the 
frizzle types to be described in the fol- 
lowing report and are probably due to 
different modifying genes. 

The new modified condition was first 
observed in chickens which were known 
to be heterozygous for the frizzle gene. 
At the time when the frizzle character 
first becomes visible, at the age of about 
two weeks, chicks of the modified type 
are typically frizzled, although the up- 
ward turning of the feathers is perhaps 
somewhat less pronounced than it is in 
ordinary heterozygous Frizzle chicks. 
At this age we have found it difficult 
to distinguish accurately the modified 
and unmodified individuals. <A _ little 


later, however, very definite differences 
become visible between these two types 
of chicks. Thus, at the age of four 
weeks or somewhat later it is frequently 
difficult to distinguish the “low-grade” 
(1. e. modified heterozygous) Frizzles 
from normal chicks (Figure 7 A-C). 
Usually, a slight upward turning of the 
feathers still persists im the shoulder 
region and in the wing bow. In some- 
what older birds the low-grade frizzle 
condition is usually characterized by a 
general lack of smoothness of the plum- 
age (Figure 64). There is considerable 
variation in the degree to which friz- 
zling is reduced and the specimen illus- 
trated in Figure 64 represents probably 
the most extreme degree of frizzling 
which we have observed in low-grade 
Frizzles of about four months of age. 
However, even birds which at this time 
still show definite characteristics of 
frizzling, may become nearly indistin- 
guishable from normal chickens when 
they are adult (Figure 6B). A slight 
lack of smoothness of the plumage, 
which appears to be caused by a failure 
of the feathers to lie absolutely flat 
upon the body, usually persists. Even 
the most nearly normal low-grade 
Frizzles, however, generally can be 
easily distinguished from normal birds 
by the appearance of the flight feathers 
in which the barbs are worn off to 
varying degrees (Figure 7). The 
gradual reduction in the degree of friz- 
zling which in the modified Frizzles 
occurs during growth forms an interest- 
ing parallel to the frequently observed 


Legend to Figure 6 (Continued) 


tinguished from normal ones by their abnormal flight feathers (see Figure 6£). C,D—Homo- 
zygous Frizzle fowls which are also homozygous for the modifier of frizzling have a much 
less curly plumage (C) than ordinary homozygous Frizzles (D). E, G—Low-grade (modi- 
fied heterozygous) Frizzle fowls always show worn flight feathers (E). Homozygous Frizzles 
have very curly feathers and the flight feathers are almost completely worn off (/F), while 
modified homozygous Frizzles have twisted rather than curly body feathers and less worn 


flight feathers 
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partial or complete disappearance of 
waviness or curliness of the head hair 
in growing European children. 

A modified condition has also been 
found among the homozygous Frizzles. 
No striking differences between ordi- 
nary and modified pure Frizzle were 
observed in young chicks, but in some- 
what older chicks and especially in adult 
birds two definite types have been ob- 
served. The unmodified homozygous 
Frizzle chicken has been described 
earlier. In such birds the feathers of 
the body plumage are very narrow and 
curly, and the flight feathers are more 
or less completely worn off (Figures 6D 


EFFECT OF THE MODIFYING GENE 
Figure 7 

Skins of a homozygous Frizzle chick (4), 
an ordinary heterozygous Frizzle chick (B), 
and a low-grade (modified heterozygous) Friz- 
zle chick (C) at the age of four weeks. Ex- 
cepting a certain roughness of the plumage in 
the region of the shoulder and the wing bow, 
low-grade Frizzle chicks closely resemble nor- 
mal ones. 


and 6£) ; see also illustrations given by 
Landauer and Dunn®). These birds tend 
to become bare over most of the body. 
In the modified homozygous Frizzles, 
on the other hand, the feathers of the 
body plumage are somewhat less nar- 
row and the tip of the feathers is not 
rolled in, but usually is twisted towards 
one side. This causes a peculiar vel- 
vety appearance of the dorsal plumage. 
The flight feathers usually are present 
to their full length or lack the tip only, 
but many of the barbs on the sides are 
worn off. 

These striking modifications of the 
frizzled plumage are brought about by 
one recessive gene as will be seen from 
the following discussion. In 1931 
heterozygous Frizzle females of typical 
appearance were mated to a homo- 
zvgous Frizzle male. At that time it 
had not been realized that the homo- 
zygous frizzle plumage may be modi- 
fied. but subsequently it could be veri- 
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fied that the male used in this mating 
was of the modified homozygous type. 
This cross produced 93 sons and daugh- 
ters for which we have plumage de- 
scriptions. There were 46 homozygous 
Frizzles (presumably equal numbers of 
modified and unmodified ones, although 
these were not classified at the time) 
and 47 heterozygous Frizzles. Of these 
47 heterozygous Frizzles 25 showed the 
typical appearances of the heterozygous 
frizzle condition, while 22 were low- 
grade Frizzles. Knowing that the father 
of these chickens was of the modified 
homozygous type, the results of this 
mating are most easily explained by the 
assumption that the modified condition 
is produced by a single recessive gene 
and that the females in this mating all 
were heterozygous for this recessive 
modifier. If this explanation is correct, 
it should be expected that an inter se 
mating of low-grade Frizzles produces 
normal individuals, low-grade Frizzles, 
and modified homozygous Frizzles in a 
ratio of 1:2:1. Neither unmodified 
heterozygous nor unmodified homo- 
zygous Frizzles should occur among the 
offspring of such a cross. A mating of 
this type was arranged in 1932. It 
produced a total of 143 chickens for 
which we have plumage descriptions. 
The segregation among the offspring 
of this mating was as follows: 34 nor- 
mal, 83 low-grade Frizzles, and 26 
modified homozygous Frizzles. The ex- 
pectation was 35.75, 71.5, and 35.75 
respectively. The actual results agree 
well enough with the expectation to 
serve as verification of our conclusion 
that the modified condition is deter- 
mined by a single recessive gene which 
in homozygous condition produces the 
low-grade frizzle type in individuals 
heterozygous for frizzling and a dis- 
tinct modification of the plumage type 
in homozvgous Frizzles. The deficiency 
in modified homozygous Frizzles among 
the offspring of this mating is undoubt- 
edly due to a a higher mortality among 
young chicks of this group, caused by 
the still relatively very deficient plum- 
age. 

We have had heterozygous as well as 
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homozygous Frizzles which at the same 
time were heterozygous for the modi- 
fying gene, and these were indistin- 
guishable from the ordinary Frizzle 
types. It seems, then, that the presence 
of only one modifying gene has neither 
an effect on the expression of the 
heterozygous nor on that of the homo- 
zygous frizzle gene. 

There would seem to be two possi- 
bilities of explaining the genetic differ- 
ence between the modified and unmodi- 
fied frizzle types. The typical frizzling 
as it is generally bred by fanciers might 
be due to a dominant modifier which 
increases the effect of the frizzle gene 
both in heterozygous and homozygous 
Frizzles, or the modified types might be 
due to action of a recessive gene which 
suppresses in part the expression of the 
frizzle gene. If the typical frizzling 
were due to a dominant modifier, inter 
se matings of the offspring of any out- 
cross of such birds to normal stock 
should (unless this modifier is dis- 
tributed universally among normal 
fowls) produce modified Frizzles. This, 
in our experience, is not the case. For 
instance, an inter se mating of F, in- 
dividuals from a cross of Frizzles to 
our intermediate rumpless stock had no 
low-grade Frizzles among 330 off- 
spring. On the other hand, no low- 
grade or modified homozygous Frizzles 
were ever produced in inter se matings 
of birds belonging to our original 
Frizzle lines. It seems more probable, 
then, that the modified frizzle types are 
determined by a recessive gene which 
acts as an inhibitor of frizzling. 

It would be of considerable interest 
to know how widely this modifying 


gene is distributed among normal 
breeds of fowls. Unfortunately, in 
our own experiments the modified 


types appeared in unpedigreed mass- 
matings of Frizzles which were des- 
cended from outcrosses to normal 
chickens. We do know, however, 
that these modified types appeared 
both among the offspring of chickens 
from Frizzle-Leghorn and _ Frizzle- 
Rhode Island Red matings. This sug- 
gests that the frizzle modifier is rath- 
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er commonly found in normal fowls. 
The fact that the same modifier has 
been reported by Hutt who also found 
it after inbreeding the offspring of 
crosses of Frizzle and normal chick- 
ens, points to the same conclusion. 

It need scarcely be pointed out 
that the observations which have been 
reported here have a direct bearing 
on the explanation of the origin of 
dominance as proposed by Fisher. 
Under the influence of the modifying 
gene described here the dominant (in- 
completely dominant) effect of the 
frizzle gene is changed into that of a 
recessive (or almost recessive) one. 
Thus the typical condition of frizzling 
obviously can only be maintained as 
a dominant trait if constant selection 
for a high degree of frizzling takes 
place. 

It has been reported earlier! that 
Frizzle fowls show an increased rate 
of metabolism and other physiologi- 
cal abnormalities, all of which are 
brought about by the defectiveness of 
the body covering. One of the sec- 
ondary effects is an increased embry- 
onic mortality in eggs laid by Frizzle 
hens.® It is to be expected that with 
the less extreme plumage abnormality 
the modifiers of frizzling also cause a 
more nearly normal physiological 
functioning of the body. It has al- 
ready been demonstrated’ that eggs 
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of low-grade Frizzles show a better 
hatchability than those of unmodified 
Frizzles. No comparative data are 
available as yet for the hatchability of 
eggs laid by modified and unmodified 
homozygous Frizzle hens respectively. 
Conclusions 

A recessive gene has been found 
which in homozygous condition 
changes the incompletely dominant ef- 
fect of the frizzle gene to that of an 
almost recessive one. This modifying 
gene appears to be widely distributed 
among normal fowls. Heterozygous 
Frizzle chickens which are homozy- 
gous for the modifier show typical 
frizzling in the first definitive fea- 
thers but at maturity are almost in- 
distinguishable from normal fowls. 
The flight feathers usually show con- 
spicuous signs of wear, indicating that 
even in these low-grade Frizzles kera- 
tinization of the feathers is not en- 
tirely normal. Homozygous Frizzles 
which are also homozygous for the 
modifying gene lack the curliness of 
the feathers typical for ordinary hom- 
ozygous Frizzles, and the flight fea- 
thers remain in much better condi- 
tion. Low-grade (modified heterozy- 
gous) Frizzles mated inter se produce 
normal, low-grade frizzle, and modi- 
fied homozygous frizzle offspring in 
a ratio of approximately 1:2:1. 
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HOUND-EARED MICE 


B. W. McPueters and C, C. 
Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine 


VARIETIES OF HOUND-EAR 
Figure 8 
A—Displacement of left ear; B—Reduction and minor displacement of the left ear. 
Hound-ear in mice rather remarkably resembles the ear-defect of swine recently reported in 
this Journal. 


HE character “hound-ear” to 
be described in this note mani- 
fests itself in a great variety 
of types of abnormal ears. The outer 
ear may show only a slight modifica- 
tion of the anterior border or it may 
be reduced to a mere tab of skin or 
may even be entirely missing. Between 
the extreme conditions there is a 
whole series of abnormal morphologi- 
cal types. At times the position of 
one or both ears is markedly abnor- 
mal. When the ear is turned on its 
axis so that it points downward the 
appearance is superficially like that 
of a hound’s ear. This type, being in 
the stocks studied the commonest 
manifestation of the character, the 
term “hound-ear” was chosen to de- 
scribe it until more accurate morpho- 
logical or anatomical studies suggest 
a better name. (See Figure 8.) 
Three other genetic abnormalities 
the ear have been described in 
One of these influencing the 


of 
mice. 
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balance sense of the animal through 
its effect on the semi-circular canals, 
produces the behavior character 
known as waltzing. This is accom- 
panied by complete deafness after the 
16th-18th day. The character is re- 
cessive to normal. In waltzing in- 
dividuals extracted from out-crosses 
there is much variability in the ex- 
pression of the abnormality. 

The character short-ears is also 
recessive to normal. It is closely 
linked in inheritance with blue dilu- 
tion (d). There are certain skull 
changes which accompany the short- 
eared variation and which must there- 
fore be considered quite as much a 
manifestation of this character as are 
the short-ears themselves. 

At the recent (1932) Congress of 
Genetics, Feldman described and ex- 
hibited an abnormality of the ears in 
mice. This character behaved much 
like a simple mendelian dominant. 
Its more complete description will 
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undoubtedly show it to be morpho- 
logically distinct from the “hound- 
ear” variation. 

Nordby of the Idaho Experiment 
Station in 1930 reported an ear defect 
in swine. This abnormality compares 
very closely with the one with which 
we are working. The descriptions in 
this article of a Duroc Jersey breed 
of swine with the ear abnormality 
could, in many cases, very well be a 
description of the abnormality in our 
mice. Nordby has given a very care- 
ful description of the abnormality and 
has found associated with it a marked 
defect of the skull, which he has also 
described in detail. He states that 
the type of inheritance and more 
complete data on the defects will be 
left for a later paper. 

The “hound-ear” variation appeared 
in a stock of yellow mice obtained 
from Dr. L. C. Dunn in 1928. This 
stock also carries as recessives brown 
(b) and hairless (h). The character 
has never appeared in any of the 
other stocks in the laboratory nor in 
any of the F, generation hybrids 
produced by crosing the yellow stock 
with other strains. 

It does, however, reappear in the 
F2 generation of an out-cross. The 
proportion in which it occurs varies 
in different F2 generations. 

Two crosses of major importance 
have been made. The first was be- 
tween the “hound-ear” stock and W. 
S. Murray’s derivative of the Little 
dilute brown strain. The second was 
between the hound-ear stock and the 
mutant “leaden” described by J. M. 
Murray, in 1931. As before stated the 
F, generation in each case was all 
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normal. The F, generation showed 
the following result: 

Normal Hound-ear % Hound-ear 
Murray—dBr 64 12 15.8 
Leaden 60 5 7.7 

In the first case the ratio is not 
sufficiently removed from a 3 to 1 
ratio in which the expected numbers 
are 57:19 to be remarkable. In the 
second case, however, the expectation 
for a 3 to 1 ratio is 48:16, which 
seems to be significantly different 
from the obtained figures. 

Only small numbers were obtained 
from the back-cross generation be- 
tween F,; animals hound-ear. All 
of these belong to the dilute brown 
experiment. The actual figures are 
21 normals, 11 hound-ear—the ex- 
pectation being 16 to 16. 

When hound-eared animals of this 
cross are bred inter se the results ob- 
tained were 36 normal to 25 hound- 
eared. This shows beyond any ques- 
tion that a number of znimals, them- 
selves genetically hound-eared are 
normal in appearance. This means 
that some agent such as modifying 
factors is operative. 

Selection has up to the present 
failed to make any distinct progress 
in increasing the incidence of the 
hound ear character. 

The general genetic nature of the 
abnormality is therefore clear, but its 
exact method of inheritance must 
await further experimentation. 
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Bovine Vital Statistics 


The number of cows and heifers 2 years 
old and over kept for milk on farms January 
1, 1933, is estimated by the United States 
Department of Agriculture at 25,136,000 head. 
This was an increase of 2.7 per cent over the 
number a year earlier and 6.6 per cent more 
than the number on January 1, 1931. 

The number of yearling heifers kept for 
milch cows on January 1 is estimated at 


4,641,000 head. This is a decrease of about 


1 per cent from the number on hand a year 
ago and a decrease of nearly 3 per cent from 
the record number two years ago. 

Records of the number of cows and heifers 
slaughtered under Federal inspection indicate 
that the rate of culling has continued low 
during recent months. It is probable, there- 
fore, that the number of milch cows is still 
increasing, though at a slower rate than in 
the last three years. 
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A CHLOROPHYLL MUTATION IN WHEAT 


K. W. Neatsy 
Dominion Rust Research Laboratory, Winnipeg, Manitoba 


no case is known to the author 

of a mutation in Triticum vulgare 
concerned with chlorophyll deficiency. 
Smith and Harrington* give an account 
of the inheritance of albinism in a cross 
between Vernal emmer and Marquis 
wheat. There is no evidence, however, 
that any of the white seedlings ob- 
served possessed the full zulgare com- 
plement of forty-two chromosomes. 

In the greenhouses of the Dominion 
Rust Research Laboratory hundreds of 
thousands of wheat seedlings are exam- 
ined annually. The one about to be 
described is the only chlorophyll de- 
ficient seedling ever to be found in 
common wheat. However, Dr. T. 
Johnson informs me that they occur 
not infrequently in his own cultures of 
Einkorn (T. monococcum) a_ species 
with only seven pairs of chromosomes. 

Stadler* has reported the induction 
of chlorophyll mutations in T. mono- 
coccum, T. dioccum, and T. durum by 
means of the exposure of seed to X- 
rays. Similar experiments with T. 
vulgare gave negative results. 

Origin and Description 

During the winter of 1929-30 about 
300 seedlings of each of 114 F; lines 
of the cross Garnet X Double Cross 
were grown in connection with a study 
of the inheritance of reaction to stem 
rust (Puccinia graminis tritici)? In 
Line No. 221, one yellow seedling was 
observed. The first leaf of this seed- 
ling was devoid of chlorophyll except 
at the extreme tip where a trace was 
present. Transplantation to a separate 
pot was effected with a view to study- 
ing the further development of the 
plant. When the second leaf first ap- 
peared it was pale yellowish green in 
color; but the green color gradually 
deepened. By the time the third leaf 
had emerged—also a pale shade of 
green—the first leaf had acquired a 
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uniform greenish tinge. All later leaves 
were pale at first but gradually dark- 
ened. The plant never acquired the 
full depth of color characteristic of the 
normal sibs. Finally, a total of 38 
seeds was obtained from three heads. 
In October, 1930, fifteen of these seeds 
were planted in the greenhouse. The 
resulting seedlings were all similar to 
the original mutant, green color being 
confined to the extreme leaf tips. The 
plants all reached maturity, and a har- 
vest of 553 seeds was obtained. 

Subsequent greenhouse _ plantings 
have shown that the mutant will not 
thrive at a temperature lower than 
60°F. On January 4, 1932, plantings 
were made in different sections of the 
greenhouse; one being maintained at 
a temperature of 55°-60°F. and the 
other at 70°-75°F. In the cold section 
the seedlings failed to turn green and 
developed only two leaves. On March 
4 only a few survived, and these were 
beginning to wilt. Normal green wheat 
plants develop slowly, but quite well at 
this temperature. In the warm section 
the seedlings were uniformly pale green 
ten days after emergence. On March 
4 the plants were near the heading 
stage, rather pale green, but quite 
healthy. This mutation, therefore, has 
much in common with that described 
by Collins’ occurring in barley. 


Inheritance 


With a view to making crosses suit- 
able for an inheritance study, field 
plantings of 50 seeds each were made 
in 1931 as follows: May 11, May 18, 
May 26, and June 1. Emergence was 
perfect, but subsequent development 
was very slow. About nine-tenths of 
the plants died in all plantings. The 
few that survived were greatly retarded 
in development. They began to turn 
green early in July, and their growth 
was then rapid. These plants were used 
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A SEGREGATING PROGENY 


Figure 9 
Showing the flat containing the F: generation of the cross line 221 (Garnet & Double 
Cross) & Mutant. In this generation a total of 60 normal seedlings and 19 yellow seedlings 
was observed, in perfect agreement with Mendelian expectation. 


for crossing with Garnet & Double 
Cross, Line 221, the line in which the 
mutant originated. Sixteen seeds of 
the cross Mutant * Line 221 were 
obtained and a similar number in the 
reciprocal cross, 

Nine seeds of each cross were 
planted in the greenhouse in October, 
1931. The seedlings were normal and 
healthy. Seed was harvested from the 
F, plants in the latter part of January, 
1932. Fe plantings of the two crosses 
were made in flats in the greenhouse. 
The results are given in Tables I 
and II. The planting from which the 


TABLE’ I—Segregation According to Seedling 
Color in the Cross Line 221 « Mutant, F, 


figures in Table I were obtained is il- 
lustrated in Figure 9. In both crosses 
an approximate ratio of three green to 
one yellow was obtained. When the 
results from the two crosses are com- 
bined the resulting totals are 131 green 
to 44 yellow. The writer is aware that 
a ratio deviating from 3:1 by only one 
quarter of a seedling may be viewed 
with some skepticism. It is, therefore, 
well to state that every seedling that 
appeared was classified, and that in no 
case was there any question as to which 
class a particular seedling belonged. 

In the Fs; of the cross Line 221 


TABLE Il—Segregation According to Seedling 
color in the Cross Mutant x Line 221 F, 


Seedlings 


Seedlings 
Hybrid No. Seeds planted Green Yellow ffybrid No, Seeds planted Green Yellow 
C-31-Fy-1 10 7 2 
C-31-F:-1 9 1 12 8 
“3 15 12 3 mn -3 10 5 3 
m6 -4 21 14 6 “ -4 20 15 5 
. -5 9 5 3 ¥ -5 10 8 2 
18 13 3 “ 4 20 16 
“ -8 18 12 3 . -7 10 8 1 
” 60 19 100 71 25 
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REVERSE MUTATION TO GREEN 
Figure 10 


Somatic mutation to normal green in the 
yellow mutant line. 


Yellow, and yellows bred true. Of the 
60 normal green Fy: plants, one pro- 
duced no seed, 25 bred true, and 34 
segregated. In the reciprocal cross, 
nine normal green Fy, plants produced 
five seeds or less and so were not clas- 
sified. Of the remaining 62 plants 22 
bred true and 40 segregated. The 25 
yellows all bred true. There is, there- 
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fore, little doubt that the inheritance of 

the virescent yellow mutation is con- 

trolled by a single pair of factors. 
The mutant was crossed on. both par- 


ents of Line 221, i. e., Garnet and 
Double Cross. The F, plants were 
normal in both cases. In the cross 
Yellow X Garnet 293 Fs seedlings 


were classified ; 228 were normal green 
and 65 virescent yellow. In the case 
of Yellow X& Double Cross, 217 Fs 
plants were classified; 178 were green 
and 39 were yellow. The cross with 
Garnet indicates monofactorial inheri- 
tance, the deviation from a 3:1 ratio 
being less than twice the probable error. 
In the cross Yellow *& Double Cross, 
there is a deficiency of mutant type 
seedlings. The deviation from a 3:1 
ratio is about 3.5 times the probable 
error. This deviation may be due to 
genetic causes the nature of which can 
only be determined by further study. 
Reverse Mutation 
Evidence is at hand which suggests 
that the mutant is somewhat unstable. 
Of the 38 seeds secured from the orig- 
inal mutant 23 were included in the 
1931 field plantings. One of these 
seeds gave rise to a normal green plant. 
This plant could have been a result of 
either mutation or natural crossing. 
The latter alternative seemed very im- 
probable as no other wheat plants of 
a similar age were in the greenhouse 
at the flowering time of the mutant 
plant. With a view to throwing fur- 
ther light on the possibility of a natural 
cross, the seed from the green plant 
was sown in the greenhouse in Octo- 
ber, 1931. Segregation for color took 
place giving a ratio of 84 green to 21 
yellow and one true albino. If the 
albino is included in the yellow class, 
the deviation from a 3:1 ratio divided 
by the probable error is 1.50. The 
seedlings were inoculated with form 21 
of Puccinia gramints tritici. The re- 
action was similar to that of Line 221, 
and there was no indication of segrega- 
tion; so that if natural crossing had 
taken place the pollen parent must have 
had the same reaction to form 21 as 
the mutant. In passing it is of interest 
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to note that the yellow seedlings be- 
come infected with rust quite readily ; 
though by the time pustules appear, 
the leaves are pale green. Fifteen of 
the seedlings were transplanted and 
grown to maturity. All proved to be 
morphologically similar to the mutant 
and to Line 221. In view of these 
facts the possibility of the one green 
plant obtained in the progeny of the 
original mutant being a result of natu- 
ral crossing is practically precluded. 
It is almost certainly a mutation. 

Further evidence of the instability 
of the mutant is afforded by the oc- 
currence of mutations to normal in the 
soma. Four such mutations have been 
observed. The one involving the least 
area was observed on the third leaf of 
a plant grown in the greenhouse ; it was 
characterized by a green stripe extend- 
ing from about two inches from the 
tip of the leaf blade to about one-inch 
from the auricles. From the examina- 
tion of hand sections it appeared that 
the stripe was only three cells in width, 
and extended less than half way 
through the leaf. Of the four somatic 
mutations observed, the one giving rise 
to the largest amount of green tissue 
is illustrated in Figure 10. This stripe 
also extended about half way through 
the leaf; unless held up to the light, 
the .upper side of the leaf appeared 
uniformly yellow. The second and 
later leaves of this plant displayed no 
normal green tissue, but were similar 
to leaves of the original mutant. 

As indicated above, one true albino 
appeared in the progeny of the green 
plant derived from the original mutant. 
As this is the only case of a true al- 
bino occurring in T. vulgare (to the 
best of the writer’s knowledge) it is 
probable that it resulted from a muta- 
tional change in the gene concerned in 
the yellow mutation. If a different 
chromosome, or a different locus of the 
same chromosome were involved, then 
the occurrence of the albino mutation 
is an interesting coincidence. 


Of further interest in the above con- 
nection is the occurrence of a greenish 
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white seedling in the Fs of the cross 
Mutant & Line 221. In family C-31- 
F,-2 (see Table II) eight seedlings 
were included in the yellow class. One 
of these seedlings was clear white with 
an amount of chlorophyll similar to 
that of the yellow mutant. At the 
time of writing the third leaf has ap- 
peared, and the plant is turning green, 
though rather less rapidly than the yel- 
low sibs. There is little doubt that 
this seedling, also, is a result of a 
mutational change in the “yellow” gene. 


These facts indicate that the original 
mutant is rather unstable. Five muta- 
tions to normal have been observed, 
one of which affected the germ cells. 
The albino and greenish white seed- 
lings are also probably a result of muta- 
tions involving the same gene. 


Summary 


A mutation involving a delay in the 
development of chlorophyll in seedlings 
of Triticum vulgare is described. 

Reciprocal crosses were made _ be- 
tween the mutant and the line in which 
it appeared. In both crosses simple 
mendelian segregation occurred, normal 
green being dominant. 

Five mutations to normal have been 
observed in the mutant line. In four 
of these only a small section of somatic 
tissue was affected, in the fifth, a nor- 
mal green plant resulted. 

Further evidence of the instability 
of the mutant is provided by the occur- 
rence of a true albino seedling, and 
also of a seedling lacking the yellow 
pigment characteristic of the original 
mutant. 
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THE COMMISSIONER REPLIES 


April 20, 1933. 
The Journal of Heredity, 
Room 306, Victor Building, 
Washington, D. C. 
GENTLEMEN : 

I am today in receipt of “The Journal of 
Heredity” for February, 1933, containing 
the article on “Other Plant Patents” signed 
by Robert Cook. This article contains a 
letter addressed to the Commissioner of Pat- 
ents and signed Robert C. Cook, Managing 
Editor, and also includes the following: 

“This statement and the accom- 
panying letter were forwarded to the 
Commissioner of Patents over four 
months ago; neither an acknowledg- 
ment nor a reply has has been re- 
ceived. On February 23 proof of 
this article was sent to the Commis- 
sioner, but this has neither been 
acknowledged nor commented on.” 

The foregoing quoted statement is cer- 
tainly inaccurate. At least three different 
times after the receipt by me of the “proof” 
of this article my secretary called Mr. Cook 
over the telephone but was unable to reach 
him. If on any one of those occasions Mr. 
Cook had been accessible, I would have in- 
formed him of the following: 

1. The letter of November 18th had been 
acknowledged. 

2. The letter of acknowledgment informed 
the person who sent the letter to me 
(E. L. D. Seymour, Associate Editor) that 
it “will receive careful consideration” and 
he was thanked for sending the letter to the 
Patent Office. 

3. That careful consideration had been 
given to Mr. Cook’s letter since it had been 
read and reread by the Commissioner him- 
self, and by Law Examiner Whitehead and 
Chief Clerk Brearley and then sent to the 
Official Examiner and his assistant for their 
study and consideration. 

4. Furthermore, that the examiner was 
directed in sending applications to the Agri- 
culture Department to request the Depart- 
ment to call attention to any errors or mis- 
statements in the specifications of the kind 
referred to in Mr. Cook’s letter. 

5. That the writer of the letter was 
under a misapprehension as to the assistance 
given by the Department of Agriculture 
since on several occasions we had had the 
experts of the Department come to the Pat- 
ent Office for conferences, sometimes four 
at once, and that our Examiner and Chief 
Clerk had both been over to the Department 
for conferences. 


6. That while there was ground for the 
writer of the article believing to the con- 
trary, nevertheless this office has been en- 
deavoring to see that no patents were 
granted on “varieties of plants newly found 
by plant explorers and others growing in a 
cultivated or wild state.” 

7. That while the Examiner having charge 
of applications for plants had charge of so- 
called “mechanical” applications, he for years 
has been in charge of the granting of patents 
upon “plant husbandry” and that while it 
would be desirable to have a number of 
examiners particularly fitted for this kind 
of work if the office were to receive thou- 
sands of applications each year as were 
predicted when the bill was pending in Con- 
gress, such employment of experts was not 
justifiable for the very few applications re- 
ceived, particularly since we could send 
those applications to the Department of Agri- 
culture and obtain the opinion of any one 
ot numerous experts according to the nature 
of the “plant” covered by the particular 
application in question. 

Let me add to the foregoing that when 
the letter of February 27th was received, al- 
though as stated above, your Managing 
Editor was called at least three times by 
my secretary, it was only four days before 
Inauguration and I certainly did not wish 
to commit the office to any change of policy 
when I realized that my successor would 
certainly be appointed within a few weeks 
or less. 

Very truly yours, 
(Signed) Tuomas E. Rosertson, 
Commissioner. 
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April 29, 1933. 
Mr. Thomas E. Robertson, 
Commissioner of Patents, 
U. S. Department of Commerce, 
Washington, D. C 
Dear Sir: 

Your letter of April 20 has been received 
and we greatly appreciate that your interest 
in the matter has led you to give us the 
benefit of your views on some of the points 
discussed. The members of this Association 
will, I am sure, be glad to have this infor- 
mation regarding certain features of the 
Plant Patent Law. I am sorry I did not 
have your letter before my article went to 
press, as we should have preferred to publish 
your letter at the time that article appeared. 
We regret also that you did not favor us 
with your views on all the questions raised 
in my letter of November 18, as those re- 
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lating to joint invention and to availability 
of copies of the patents to plant breeders 
seem to us to be of paramount importance. 

I certainly had no desire to be unfair to 
you or to the Patent Office in my remarks 
in the Journal of Heredity regarding Plant 
Patents. The fact remains that I received 
no communication from your office, in re- 
sponse to either of my two letters regarding 
this matter, during the period from Novem- 
ber 18, 1932, to April 20, 1933. Over five 
weeks elapsed between the time you received 
the proof of the article and its final pub- 
lication. If during this interval a copy of 
your earlier letter of acknowledgment had 
been sent me, it would have been much ap- 
preciated and I would gladly have modified 
my statement that my inquiries had been 
ignored. The statement as I made it was 
correct so far as we were concerned. No 
communications had ever been received by 
this office from you regarding this matter. 

It is hard to see why this should have 
occurred, unless it is because your letter was 
misdirected by your mailing clerk. This is 
suggested by the reference to “E. L. D. 
Seymour, Associated Editor.” No person of 
this name is connected with this organiza- 
tion, nor with the Journal of Heredity. 

As for the failure of your secreatry to 
get in touch with me by telephone, that is 
equally incomprehensible. While I was out 
of the office much of the time during the 
last week in February, I was in touch with 
my office by phone several times a day. 
Had a request to have me call been left, 
or had the situation been explained, I am 
sure that I would have been promptly in- 
formed of it. 

It does not appear from your letter that 
any effort was made to communicate with 
me by mail following receipt of the proof. 
This ‘seems strange since it was obvious 
from the statements made in the proof that 
your earlier letter had gone astray. It was 
clearly to your interest, as well as to mine, 
that the fact should have been noted. I do 
not understand why, if an earlier letter had 
been sent, we were not informed of this fact 
in writing, and by registered mail if no other 
way availed. It is hardly necessary to 
comment on the unsatisfactory status of an 
attempted telephone reply to a written com- 
munication. 

With regard to paragraph 6, I may say 
that I still cannot see how I can be so badly 
informed with regard to the part the De- 
partment of Agriculture has had in the 
issuance of these patents. Based solely on 
the evidence of the patent specifications 
themselves I would say that it is still in- 
conceivable to me that the question of con- 
text of these specifications has been put be- 
fore the botanical experts of the Department 
of Agriculture. I am quite willing to be- 
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lieve that the staff of the Department con- 
sidered the question of novelty, but my 
opinion of the technical experts of the De- 
partment of Agriculture is too high to be- 
lieve that they specifically accepted such ab- 
surdities as those to which I called attention 
in my letter to you (the “injection” of pol- 
len into stigma, improving mutations “by 
intercrossing and otherwise,” etc., etc.). 

In the light of the fact that at least 21 of 
the first 51 issued patents were for fortuitous 
mutations or chance finds in the creation of 
which the “inventor” admittedly took no 
part, I am wholly unable to comprehend how 
your office can be exercising every great 
diligence “to see that no patents were granted 
on ‘varieties of plants newly found by plant 
explorers and others growing in a cultivated 
or in a wild state’”. The point is important 
because if it is conceded, as appears from 
your statement, that such “mere finds” are 
probably unpatentable under the present law, 
the issuance of a large precentage of such 
invalid patents is, to say the least, most un- 
fair to the patentees and to those to whom 
such patents may be assigned. The writer 
believes that there is much to be said in 
favor of allowing patents on fortuitous muta- 
tions, but he is very doubtful whether they 
can be considered “inventions” and as such 
patentable under the law in its present form. 

With reference to your paragraph 7, it is 
our conviction that in the light of the above, 
and in the light of the patents issued to 
date, that your office must add to its staff 
at least one person who is qualified to con- 
sider these questions, involving as they do a 
synthesis of botany and of law. Without 
such a botanically intelligent administrative 
head, plant patents cannot be given a fair 
trial, and there is a distinct danger that if 
present tendencies continue this very interest- 
ing and hopeful experiment may end as a 
farce. 

Even though he cannot agree with some 
of the views expressed in your letter, the 
writer greatly appreciates your having fa- 
vored him with this information. I am sure 
that both of us are anxious to give the 
plant patent law a fair trial. I therefore 
urge that your office give serious considera- 
tion to taking the essential step in this di- 
rection—of setting up a division, or a sub- 
division, of plant patents with an examiner 
or associate examiner qualified to ad- 
minister the law. I venture to predict that 
with the research in law and in botany that 
must be carried on during the formative 
stages, there will be ample work to keep 
one person busy even though the plant 
patent law has not magically created the 
“Thousands of Burbanks” predicted by Edi- 
son. 

Very respectfully yours, 
Rosert C. Coox, Editor. 


RUSSIAN METHODS FOR ACCELERATING 
SEXUAL REPRODUCTION IN WHEAT 


Further Information Regarding ‘“arovization” 


H. H. McKinney and W. J. Sanpo* 
Division of Cereal Crops and Diseases, United States Department of Agriculture 


HE general instructions, de- 

crees, and resolutions on “laro- 

vization,” together with 17 re- 
search papers on the subject, are con- 
tained in three bulletins.+ These bul- 
letins are written entirely in Russian, 
but English abstracts and complete 
translations of all the papers are in 
preparation.£ These will be deposited 
in the Library of the United States 
Department of Agriculture, Washing- 
ton, D. C. 

“larovizatsii” or “larovization” in 
the Russian means “springization.” 
Lysenko*® appears to have coined the 
term to designate early sexual repro- 
duction in spring-sown winter wheat 
which had been chilled near freezing 
before sowing. However, the term 
is now applied to other methods of 
treatment and to many spring-planted 
crops such as spring wheat, corn, mil- 
let, and cotton. 

The general instructions for chill- 
ing (“larovizing”) large quantities of 
wheat seed are outlined in laroviza- 
tion Bulletin No. 1. These methods 
are briefly summarized as follows: 

Winter wheats: The grain is spread 
in a layer from 6 to 7 inches deep on 
a floor. Water at the rate of about 
one-third of the weight of the seed is 
sprinkled over the seed, the water being 
applied in thirds with intervals of 8 
hours between the applications. The 
final moisture content of the seed should 
be 50 to 55 percent. The seed is al- 
lowed to germinate at 50 to 60° F. for 
about 24 hours and is shoveled over 
three or four times during the process. 


+ Odessa, Ukrainskii institut selectii. 
and 3 [bound together] Sept. 1932. 


Translations made by Miss Sophie Satina 
Experimental Evolution, Cold Spring Harbor, N. Y. 


Builleten airovisatsii No. 1, 


Odessa, 1932. 


34.2° F. for 40 to 55 days and is 
stirred many times during the process 
of chilling. 

Spring wheats (durums): The mois- 
ture content is raised only to 45 to 50 
percent. The germinated seed is held at 
33.8° to 41° F. for 10 to 15 days. 

Facilities for chilling: The low tem- 
peratures of winter are employed for 
the treatment of the germinated seeds. 
The temperature is regulated by open- 
ing and closing the windows and doors 
of rooms or graineries manually. 

Retarding the rate of germination 
during the chilling treatment: The rate 
of germination is retarded by avoiding 
an excess of moisture in the seeds. 
Seeds are sometimes treated with salt 
solutions to reduce the germination rate 
during the chilling treatments. Sea 
water and synthetic salt solutions re- 
sembling the combinations of _ salts 
found in sea water have given the best 
results. Apparently this method has 
not been used on a large scale. 

Drilling: After the end of the chill- 
ing treatment the germinated seed may 
be dried and sown by means of a grain 
drill properly set for germinated seed. 
Such seed may be stored and trans- 
ported. However, it is claimed that 
germinated seed that has been treated 
with a salt solution does not withstand 
drying so well as does seed not so 
treated. 

In 1929, a popular article in a Rus- 
sian newspaper! stated that chilled win- 
ter wheat: was being sown in several 
areas in the Ukraine, and it was claimed 
that advantages were to be gained from 
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and Mrs. M. Demerec, Station for 


The germinated seed is held at 32 to the sowing of chilled spring varieties. 
* Senior pathologist and associate agronomist, respectively. 
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Sapehin** has stated that 250,000 acres 
in Russia were sown with chilled seed 
in the spring of 1932. He claims that 
the method is of great value in resow- 
ing areas in which the fall sowing has 
winterkilled, in areas which have too 
little or too much moisture during the 
autumn, and in many of the dry-land 
areas. 


“larovizing” Other Crops 


Sexual reproduction is accelerated in 
so-called short-day plants such as corn, 
millet, Sudan grass, sorghum, and soy- 
bean by germinating the seeds slowly in 
uninterrupted darkness at moderately 
high temperatures for suitable periods. 
The rate of germination is retarded by 
controlling the moisture content of the 
seed. Table I shows the moisture con- 


Table 1.—Water content of seed, temperature, 
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tent of the seed, the temperature, and 
the duration of exposure for the crop 
plants mentioned. The time of ex- 
posure at the suitable temperature is 
calculated from the time of the first 
signs of germination. Different varie- 
ties of the same species sometimes re- 
quire different treatments for the best 
results. 

Lysenko* emphasizes the importance 
of darkness. He _ considers that 
short-day plants do not require an alter- 
nation of definite periods of light and 
darkness but rather a certain total 
amount of light and a certain total 
amount of darkness and he takes the 
view that the cause of the late matur- 
ing of short-day plants in northern 
regions is not the long day but the 
short night. 


and time of exposure in darkness necessary to 


stimulate early sexual reproduction in certain plants having the spring-growth habit. 


Percentage {Temperature Days of exposure 
Crop of water byjof seed (°r.) at prescribed 
weight in jfduring exposurejtemperatures 
seed in darkness 
Corn 30 68 to 86 10 to 15 
Millet 26 77 to 86 5 
Sudan grass 26 77 to 86 8 to 10 
Sorghum 26 77 to 86 8 to 10 
Soybeans 75 68 to 77 10 to 15 
Literature Cited 
1. Anon. Discovery by Lysenko, Agrono- 3. Lysenxo, T. D. On the problem of 


mist. Ekonomicheskaia Zhisn. No. 177, p. 4, 
Aug. 4, 1929. 

2. Bruman, A. J. “Iarovization.” The 
Jour. of Heredity 24, 1933. An English sum- 
mary of Sapehin’s paper cited in this list. 


Iarovization of corn, millet, Sudan grass, 
sorghum, and soybean. Odessa. lUkrainskii 
institut selectii. Builleten iarovisatsti. No. 2 
and 3, 1932. 

4. Sapentn, A. A. Der Zuchter, 4, No. 
6, p. 147-152. June, 1932. 


Eprror’s Nore: In the succeeding number « 


4 the JourNaL Mr. McKinney and Mr. Sando 


will describe their own experiments on the effects of chilling and length of day on the growth 
of wheat, as well as early American work conductel previous to 1858. 
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A Glossary Of Genetic Terms 


AGGLUTINOGEN—A substance from which an 
agglutinin is produced; which, in turh, is 
a substance which has the property of 
clumping and precipitating certain specific 
types of blood corpuscles or bacteria. 


ALLELOMORPH—Mendelian characters are in- 
herited in alternative pairs, or in alternative 
series. These alternative genes are called 
allelomorphs. Examples: Albinism (reces- 
sive), Normal pigmentation (dominant) ; 
Horns (recessive), Hornlessness (domi- 
nant). 


Back-cross—Cross of a hybrid to one of the 
parental forms. 


Cu1asmMA—“In the diptolene stage (of cell 
division) the chromatids are associated in 
pairs in such a way that in one part of 
their length two chromatids are associated 
but in another part each is associated with 
a different chromatid. The point of ex- 
change is termed a chiasma.” (Sansome 
and Phipp, 1932.) 

“Exchange of partners between the four 
chromatids of a bivalent.” (L. H. Hill, 
1932.) 

Curomatip>—Chromosomes_ frequently bear 
the foreshadowing of a future longitudinal 
division so that they appear to be made up 
of two parallel threads. These threads are 
the chromatids. 


CHROMOSOMES—Tiny dark-staining bodies 
visible in the nucleus of the cell at the time 
of cell-division. The number of chromo- 
somes in any species is usually constant. 
The chromosomes carry the genes, linearly 
arranged, which control the development 
of Mendelian characters. 


Crossinc Over—Interchange of segments be- 
tween two homologous chromosomes previ- 
ous to the formation of gametes. 


ConjJUGATION—Side-by-side association of 
homologous chromosomes previous to for- 
mation of gametes. 


DreLtoip—Having two sets of chromosomes. 
Body-tissues of higher plants and animals 
are ordinarily diploid in chromosome con- 
stitution. See Somatic. 


DomInant—A character possessed by one 
of the parents of a hybrid, which appears 
in the hybrid to the exclusion of the con- 
trasted character from the other parent 
(the recessive). Thus in a cross of 
green- and yellow-seeded peas the first 
generation has yellow seeds. Yellow is 
dominant and green is recessive, being 
transmitted but not appearing in the pres- 
ence of the factor for yellow. 


Factror—Same as Gene. 


F,—(Pronounced eff-one). The first filial 
generation. The offspring of a given 
mating. 


F.—The second filial generation. Produced 
by intercrossing or self-fertilizing the F. 
The inbred grandchildren of a_ given 
mating. 


GameETE—A reproductive cell of either sex; 
e. g. sperm or ovum. 


Gene—(1) The unit of inheritance, which 
is transmitted in the germ cells, and which 
by interaction with the genic and cyto- 
plasmic complex controls the development 
of a character. The genes are arranged 
linearly in the chromosomes. (2) “The 
physical basis of heredity’—or more fig- 
uratively, the atom of the genetic mole- 
cule. 


Hapitom—Having the reduced number of 
chromosomes, as in germ cells, as dis- 
tinguished from the diploid or double num- 
ber of chromosomes in normal somatic 
cells. 


HeEtTEerozycous—Containing both genes of an 
allelomorphic pair, or two genes of an 
allelomorphic series. Heterozygous 
dividuals generally resemble the individuals 
homozygous for the dominant character, 
but they transmit the recessive to half their 
offspring. 


Homozycous—(1) An organism formed by 
like germ cells; (2) An organism is said 
to be homozygous for a given character 
when all the germ cells transmit identical 
genes for this character. This is the most 
frequently used meaning of the term. 


LinKAGE—Association of genes inheri- 
tance, due to the fact that they are in the 
same chromosome. 


Mutation—A _ sudden variation in an in- 
herited character. 


OntocGeENy—The developmental history of an 
organism, from fertilized egg to adult in- 
dividual 


RecessivE—See Dominant. 


Somatic—Referring to body tissues; having 
two sets of chromosomes, one set normally 
coming from the female parent and one 
from the male; as contrasted with germ 
cells having a single set of cnromosomes. 


SEGREGATION—Separation of allelomorphic 
genes at meiosis. 


Se_rep—Self-pollinated. 


TRANSLOCATION—Attachment of a fragment 
of one chromosome to a non-homologous 
chromosome, resulting in a new arrange- 
ment of genes. 


ZycorE—An organism produced by the unian 
of two germ cells. 
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JOURNAL REPRINTS 


THE POTATO OF ROMANCE AND OF REALITY, by W. E. Sarrorp—The 
legendary and the true history of our leading root crop—in word and picture. , 
Forty pages and cover; twenty-two illustrations 2S 


MENTAL AND PHYSICAL TRAITS OF IDENTICAL TWINS REARED 
APART, by H. H. Newman—Every case of this kind affords unique information 
on the relative influence of heredity and environment. Three cases are here pre- 
sented, with the results of mental and emotional tests. Forty pages; ten illus- 
trations $1.00 

INHERITANCE OF BLACK AND WHITE IN ROSE COMB BANTAMS, by 
Morey A. Jutt—Contains a photographic pedigree chart illustrating the inherit- 
ance of the Mendelian character whose existence was first demonstrated in animals. 


MAIZE AND MAN, by James H. Kempron—The history of maize in the past and 
its probable role in man’s future intellectual development. Twenty pages and 
cover; twenty illustrations 75¢ 


THE LEUNBACH FAMILY, by O. A. Merrirt-Hawxes—A unique photographic 
pedigree chart illustrating segregation of characters in five generations of a Danish- 
Indian Cross. Ten pages and cover; five illustrations...» : 50c 


GRAFT-HYBRIDS IN PLANTS, by Cxartes F. Swincte—An exhaustive summary 
of the literature on a controversial subject. Twenty-one pages; six illustrations _75c 


PROGRESS IN FRUIT BREEDING, by Georce M. Darrow—A survey of the 
fruit-breeding projects and accomplishments of the state and federal experiment 


stations. Sixteen pages; nine illustrations...» 


ANCESTRY OF THE PRINCE OF WALES, by O. A. Merrirt-Hawxes—A nearly 


complete human pedigree for seven generations, with a discussion of inbreeding in 


man, and the value of genealogical methods of preparing human pedigrees. Sixteen 


pages; twelve illustrations...» 


QUENCHING THE LIFE OF THE FARM, by O. F. Coox—“How neglect of Eu- 
genics subverts Agriculture and destroys civilization.” Twenty-two pages 


Postage paid.—Remittance may be by U. S. stamps, check, or money-order. 


AMERICAN GENETIC ASSOCIATION 
306 Victor Building Washington, D. C. 
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